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He gets reliability and efficiency in VICTOR welding and 
cutting torches, and regulators because they're built right. 


Precision machining assures leak-proof joints and ease of 
maintenance. Four head angles—90°, 75°, 45° or straight— 
and 4 lever positions—top or bottom and forward or rear of 
handle—enable you to choose the torch that exactly fits the 
job in hand. 


adjusts to 
various heights 
and diameters 
from 1%” to 28”. 


VICTOR's complete range of tips, in sizes 000 through 16, 
are designed to give maximum cutting speed and gas savings 
on any job from light sheet to heavy plate cutting. 


See for yourself why it costs less to own and operate VIC- 
TOR. Ask your VICTOR dealer for an on-the-job demon- 


stration TODAY. 
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welders 


No matter what your welding job, a Hobart will Hobart puts more quality in their welder — 
do it better, faster—easier, stand up longer and that’s why you get longer life and get more out 
cost less in the long run. Not chatter, but a fact of it. If there is any doubt about it, check Hobart 
substantiated by thousands of users operating construction point for point — against any other 
under all conditions—and after years of Service. welder — or better still, just ask any owner. 


Use coupon for details 


E 6010 — MILD STEEL REVERSE POLARITY E 6012 — MILD STEEL STRAIGHT POLARITY E 6013 — MILD STEEL FOR AC OR DC 


electrodes 


A good weld is the combination of a good ma- Hobart Electrodes are faster — give less splat- 
chine, a good electrode and a good weldor. You ter — are easier to use — and there is a type for 
owe it to yourself and your men to give them the every weld. Have your purchasing agent get 
best possible tools with which to work. them for you. A trial is all you'll need. 


Use coupon for details 


Hobart distributors bring you a complete line of do the best job under every condition — they are 
accessories for every weldor’s need. Selected to reasonable in price — they give longer service. 


Use coupon for details 


Fill out coupon and mail today — No obligation. 
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) BUTTERING WAS THE ANSWER! 
Saved costly casting ... 

allowed use of low cost rods 

Need for complete re-making of a 

large, costly composite machine frame 

threatened a prominent Western min- 


ing equipment builder. Weld metal 
was picking up harmful impurities 
from the cast part—it was impossible 
to obtain satisfactory welds using the 
electrodes specified. 

The local M&T salesman joined with 
company welding engineers .. . €x- 
perimented . . . and sparked a solu- 
tion! On his advice surfaces of the 
casting where welding was required 
were simply “buttered” with Murex 
Type HTS before the bulk of the weld 
metal was deposited. 

Results were: complete elimination 
of pickup so that remaking of the 
casting to new metallurgical specifica- 
tions became unnecessary. And, the 
specified electrodes, on hand for the 
job, could be used. 


Your nearby M&T representative is qualified to 
give you expert assistance on any welding prob- 
lem. Call on him when you need help. Make 
use of his broad background of experience in 
every phase of welding. 
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You can be sure of efficient cooling action 
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And that means Mallory KO holders give you out- 
standing resistance welding performance PLUS . 
@ More effective cooling 
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@ O-Ring seal construction to prevent leaks 


@ Alloy, brass and stainless steel construction eS 
outstanding, ow" to prevent corrosion 
You can count tora engineering @ Special design to permit maximum cooling action 
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performance, service— 
you ll find it pays to use Mallory KO holders always. 
Get details today from your distributor. 


In Canada, made and sold by Johnson Matthey and Mallory, Led. 
110 Industry St.. Toronto 15, Ontario 


P.R. MALLORY & CO. Inc 
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SERVING INDUSTRY WITH 
Y Electromechanical Products— Resistors ¢ Switches ¢ TV Tuners © Vibrators 


Electrochemical Products— Capacitors Rectifiers * Mercury Dry Botteries 


MALLORY & 


Metallurgical Products—Contacts * Special Metals * Welding Materials 
imc., 


INDIANAPOLIS 


6, 
For information on Titanium Developments contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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ANYONE 


who can point this “gun” 


can make a 


GOOD SPOT WELD 


“HELIARC” HW-8 Pistol-Grip Torch 
needs no forging pressure...works from one side of 
sheet ... spot welds both STAINLESS and CARBON STEELS 


Are you using light gage metals to fabricate large 
assemblies or irregular shapes? If so, chances are you 
can simplify many of your joining problems, boost 
production, and cut costs, too, by spot welding with 
the LW -8 Torch. 

The HW-8 joins mild 
steel, low alloy. or stain- 
less steel .020 to .064 in. 
thick at one to two sec- 
onds per weld. Because it 
works from one side of 
the sheet, without forging 
pressure, it makes an 
easy, one-hand job of 


spot welding — even in places where * resistance 
welding is not practical or possible. 

Connected to a suitable power source with auxiliary 
timer, the Hetiarc Spot Welding Torch makes inert 
gas shielded welds without fumes, smoke. or spatter. 
Since operation is automatically controlled, workmen 
on the assembly line need only press the “muzzle” of 
the “gun” against the work and pull the trigger. 4 
single hose assembly permits free use of the torch 
over a 25-ft. radius. 

For further information, telephone or write today. 
Linpe Air Propucts Company, a Division of Union 
Carbide and Carbon Corporation, 30 East 42nd 
Street, New York 17, N. Y. 


The term “Heliare™ is a registered trade-mark of Union Carbide and Carbon Corporation. 


Products and Processes for MAKING, CUTTING, 
trode-mork JOINING, TREATING, and FORMING METALS 
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BEFORE: This 5-ton gear case 
into 3 pieces. 


* 


Close the mill for... 


2 MONTHS 


casting was shattered AFTER: The same casting 24 hours later after 60 pounds 


of 5/32” Ni-Rod “55” were used to repair it. 


to REPLACE 


this casting 


OR 
24 HOURS io REPAIR it 


First a broken tooth! 


Then the tooth lodged between the gears in the 
large gear case of this tube straightener. 


Next, the resultant force smashed this large 
grey iron casting weighing about 5 tons. 


Delivery on a new casting would take two 
months and cost several thousand dollars. In the 
meantime, the whole mill was backed up! 


Then a smart master mechanic suggested weld- 
ing. 
So a specialist experienced in welding cast iron 


was called in. 


He examined the casting which had broken 
into three pieces — the cross section at the breaks 
being 3” to 4”. 


67 Wall Street, New York 5, N. Y. 


with Ni-Rod “55” > 


His recommendation was Ni-Rod “55.” 


60 pounds of 5 32” Ni-Rod “55” and twenty- 
four hours later the job was finished — the casting 
was saved! 


They did the job without pre-heating, using 
successive passes and peening each bead. After 
welding, the excess metal was ground off and the 
casting was ready for service. Thousands of dol- 
lars and two months’ operating time were saved! 


Here is an excellent example of how vital ma- 
terials and parts can be saved with Ni-Rod. 


And that’s doubly important today when pro- 
duction is essential. Ni-Rod is playing an impor- 
tant role in defense and you may not be able to 
get all you need. However, you can always de- 
pend on INCo’s Technical Service Section for help 
on your welding problems. 


COMPANY, INC. 
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roduction Cutting and Flame-lHardening 


» Examples of cutting and flame hardening in the manufacture of 
mining machinery, material handling and conveying equipment 


by Archer B. Jones 


HE Jeffrey Mfg. Co., located at Columbus, Ohio, 

manufactures mining machinery, conveying and 

material handling equipment, coal preparation, 

and many other types of equipment including chain 
and sprockets. The oxyacetylene cutting department 
covers approximately 8400 sq. ft. of floor space. We 
consume 400,000 cu. ft. of oxygen per month supplied 
by a central storage unit. There are 32 men employed 
in the department including clerks, layout men, and 
control personnel. At the present time, we are working 
two shifts covering a period of 19 hr. per day 

It would be impossible to cover the entire range 
of work that passes through this department on a pro- 
duction basis. This paper, therefore, will cover only 
some of the more interesting examples of our cutting 
and flame-hardening. 

Figure 1 shows locomotive side frames for a mine 
locomotive. These slabs are purchased the required 
width so that the only cutting necessary is for the open- 
ings and the pedestal cutouts. The rough slab is 
first laid off for cutting and drilling. ‘The second opera- 
tion is drilling. The cutting is done on a pantagraph 
machine by removing the tracing table and placing 
the slab the full length of the machine, covering both 
the cutting and tracing area. The operator then places 
on the side frame a thin plate which has been painted 
a coat of dull black, for use as a tracing table. The 
layoff lines are then transferred to the black plate with 
chalk after lining up the cutting oxygen stream with 
the layoff lines. The layout is then traced with a man- 
ual tracing device. Practically speaking, these frames 
are never exactly alike, therefore cutting cams and 
fixtures are hardly feasible. 


Archer B. Jones, Welding Foreman, Jeffrey Mfg. Co., Columbus, Ohio 


Paper was presented before the Annual Meeting of the International Acety! 
ene Assn., Indianapolis, Ind., Mar. 31 pr. 1-2, 1952 


Figure I 


The round end frames which weld with the side 
frames to make a complete locomotive frame are shown 
in Fig. 2. The end frames are purchased as shown in 
the illustration except for the burning. As yet, we have 
not been able to determine a method of machine cut- 
ting these frames so at the present time they are being 
cut with a hand torch. 

Figure 3 shows a center support bar for a coal cutting 
machine. These are purchased in a rough bar 27/s in 
thick by 9'/, by 138 in. long and are of S.A.E. 1055 
abrasion-resisting steel. They are preheated with a 
charcoal fire to 400° F 
the floor of the shop as shown in a later illustration. 


The charcoal fire is built on 
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These bars are located and held in place by a fixture 
which lines up the bar with the center line of the cut- 
ting cam and are cut using a magnetie tracing device. 
The operator, using a hand torch, pierces the holes 
necessary to start the internal cuts at the same time 
the machine is performing the first cut. These bars 
are cut on a large pantagraph machine. 

The eutting machine shown in Fig. 4 is a single torch 
samograph which we have set up to cut vulean chain 
side bars. The stock for these bars ranges from */, to 
4 in. in thickness and from 1' . to 9 in. in width. The 
bar stock is placed on a roller rack to the left of the 
operator in order to facilitate the proper positioning 
of the material. Each piece of bar is initially cut off 
about * , in. longer than the required finished length. 
This allows the shorter bar to fall onto a holding fixture 
which in turn holds the piece square for cutting. This 
procedure is necessary in that the bar stock is not always 
straight. After the short bar has been clamped in 
place, a radius is burned on the ends. We have two 
such machines set up and operating continuously. 

The preheating of plates for cutting presents a con- 
siderable problem especially when there is not an 


abundance of floor space available. Figure 5 shows 


Figure 3 
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Figure 5 


the preheating of No. 8750 metal plates for tank sprock- 
ets. We found it necessary to heat the plates to 400° F. 
prior to cutting, in that this metal is air-hardening steel. 
Charcoal is the medium we use for heating these plates 
and also other similar slabs and bars such as the 27 ’s 
by 9'/,-in. bars mentioned previously. This method 
is obviously undesirable in many respects. It does, 
however, provide some advantages due to its flexibility. 
The temperature of the metal is checked with ““Tempil- 
stiks”’ and for this particular application we find it very 
satisfactory. The plates shown being preheated in 
Fig. 5 are 1°/, by 30 by 120 in. and are of a size which 
will make four tank sprockets. 

The blanks for the tank sprockets are burned four 
at a time as shown in Fig. 6. The blanks are being 
burned to the correct outside and inside diameters. The 
outside diameter is 27*/3. in. plus nothing and minus !/ 1 
in. The inside diameter is 15 in. minus nothing and plus 
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'/, in. The tolerances we are striving for are '/ 59 in. 
under 277*/35 in. on the outside and '/y. in. over 15 in 
on the inside. These blanks are being burned on a 
pantagraph cutting machine with a magnetic tracing 
device using a machined steel cam. 

The inside diameter of the blank is used to locate 
the sprocket for burning the teeth, as shown in Fig. 7 
Here again the sprocket is preheated with a charcoal 
fire to 400° F 


Fig. 7 was built by us for our own use and will accom- 


The sprocket cutting machine shown in 


modate a sprocket as small as 7 in. diameter and as 
large as 12 ft. The blank, which locates from the 
burned bore, is placed on the machine in a fixture 
The cutting apparatus empldved on this machine is a 


single-torch camograph which operates from a magnetic 


Figure 7 


tracing device. The cams are made to cut the indenta- 
tion of one tooth. The sprocket is then indexed the 
number of teeth required. The sprocket teeth are not 
cut consecutively for the purpose of limiting the amount 
of distortion caused by the expansion and contraction 
of the metal. The indexing is done with an index 
plate which has been machined as accurately as possible 
It is manually turned and stopped with a plunger 
When the sprocket is being set up, the cutting apparatus 
can be moved straight down the center line which per- 
mits an accurate setup. The tolerances on the teeth 
of these tank sprockets is plus or minus !/32 in. and we 
are maintaining this tolerance. The squareness and 
The only 
work done on the tooth of the sprocket after burning, 


smoothness of the cut are shown in Fig. 8. 


Figure 8 


Figure 9 
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Figure 10 


except flame-hardening, is to knock the burr from the 
top edge of the kerf with a pencil grinder. 

The smoothness of the cut is shown by the profil- 
The average reading, as shown 
The specifi- 


ometer chart in Fig. 9. 
on this chart, is 275 micromeh finish. 
cations as stated on the drawing calls for 500 microinch 
finish on the tooth surface. 

The machine shown in Fig. 10 is the same as the one 
shown in Fig. 7. 
cut the teeth in a larger sprocket 
trated is 2 in. thick and 49 in. in diametet 


In this case, however, it is set up to 
The blank as illus- 
The blank 
was originally cut on a pantagraph machine and will 
have 35 teeth cut init. This particular type of sprocket 
will have hubs welded to it. Ali subsequent opera- 
tions are located from the bottom diameter of the teeth. 
At the present time, we have two of these sprocket 
cutting machines in operation. One being used for 
the tank sprockets and the other for our own work. 

The apparatus shown in Fig. 11 is a piece of equip- 


Figure Il 
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Figure 12 


ment built by us for the original purpose of solving 
one of our fabricating problems. 
attributed to the old adage, “Necessity is the mother 
of invention.” 

At our plant, we have a large number of plates to be 
fabricated such as the one shown in the illustration 
The finished specifications of these plates require that 
anywhere from 6 to 40 holes be punched in them. It 
was our former practice to transport all of these plates 
from our Oxy-Acetylene Cutting Department to our 
Structural Department to have the holes punched. This, 
obviously, presented many material handling problems 
due to the size and bulkiness of the plates. In an effort 
to overcome the problems resulting from such an ar- 
rangement, a so-called ‘flame punch” was designed and 
built. This punch is used to burn the small holes 
that had formerly been punched. The use of this 
punch has saved us considerable amounts of time and 
expense. This apparatus weighs only 34 lb. and can 
be readily carried from one plate to another regardless 
of the location of the plates. 

In addition to its original use, we are finding more and 
more work that the punch can be used on. The flame 
punch as we are using it in our plant is designed to 
punch more or less standard size holes such as ° 46, 
The plate thickness runs 


The reason can be 


from '/,to lin. The quality of the burned holes can 
be compared favorably with a punched hole as to size 
and roundness. 

Figure 12 is a close-up of the flame punch. In per- 
forming an operation with the flame punch, the operator 
works from a center punch mark in the same manner 
that an operator performing the operation on a power 
punch press would work. The flame punch is placed 
on the plate with the torch approximately over the 
center punch mark. The operator then grasps the 
lever at the left rear of the apparatus and by pressing 
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Figure 13 


the lever all the way in, the torch is pulled into direct 


center. By turning on the high-pressure oxygen, the 
apparatus can be then lined up so that the oxygen 
stream is directly over the center mark. As the opera- 
tor turns on the high pressure oxygen for piercing, 
he simultaneously releases the lever. This release 
allows the torch to move from center to the edge of the 
He then pulls the roller handle 


around the outside of the guide cam one complete turn. 


diameter to be burned. 


This action completes the operation. This apparatus 
is very easy to operate. Any operator who can burn 
with a hand torch can become very adept with the 
flame punch in a relatively short period of time. In 
addition to size, weight and other advantageous 


Figure"l4 
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Figure 15 


characteristics, the fact that no electric power is neces- 
sary to operate this apparatus adds to its flexibility 
Flame-hardening in our plant varies from one piece 
jobs to jobs of thousands of pieces. Only a few of the 
larger amount jobs will be discussed here. 
Figure 13 shows a spinning flame-hardening machine 
All of the sprockets 


hardened on this machine are made of mild steel and are 


for finished-roller chain sprockets. 


carburized. These sprockets also have machine 
finished teeth 

The sprocket is suspended on two rollers in the upper 
part of the bore. A knurled driver at the bottom of the 
bore turns the sprocket. The driver is disengaged by 
stepping on a foot pedal at the base of the machine. 
The operator, using a pair of tongs, then places the 
sprocket in the quench tank at the front of the machine. 


The machine shown in Fig. 14 is used for flame- 


Figure 16 
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Figure I7 

hardening larger sprockets not adaptable to spinning. 
This picture shows the flame-hardening of the tank 
sprocket shown being cut in Fig. 7. This is a universal 
machine built by us and will accommodate sprockets 
up to 48 in. in diameter. This machine hardens only 
one tooth at a time but quenches at the same time it is 
heating the next tooth. 

Figure 15 shows a close-up of the hardening opera- 
tion on the same sprocket. The heating head is at 
the right. In the center rear is a locating device and 
on the left rear is the quenching head. The hardening 
evcle for this particular sprocket, made of No. 8750 
metal, is 80 see. heating time; a delay of 18 see.; and 
then quenching with soluble oil and water heated to 


140° F. The machine is completely automatic in- 
cluding shutting off when the last tooth of the sprocket 
has been hardened. This machine operates by com- 
pressed air and electronics, has no motor, and will index 
any number of teeth without changing any gears. 
This machine, unlike most other machines of this type, 
does not index just the number of teeth but instead 
indexes distance. This distance determines the number 
of teeth and is changed by adjusting a micro limit switch. 

The hardness pattern we are obtaining on the tank 
sprocket job is shown in Fig. 16. Specifications call 
for 50 Rockwell C at ', in. depth and 55 to 60 Rockwell 
C on the surface. We had some difficulty obtaining 
this hardness at the beginning without cracking the 
sprocket teeth. This accounts for the long heating 
cycle and the delay of 18 sec., before quenching. This 
problem also fesulted in our using a soluble oil and water 
heated to 140° F. 

We do not anticipate having this cracking trouble 
later on in the tank sprocket program when we get to 
cutting the sprockets out of No. 1345 metal. We be- 
lieve we can go back to refrigerating the quench in- 
stead of heating it which was the way the flame-harden- 
ing machine was originally designed and built. 

Figure 17 shows a machine we built to flame-harden 
the gibs and keys on our cutter chain links. These 
chain links travel around the cutter bar and hold the 
cutting bits on a coal-mining machine. This particu- 
lar item is highly repetitive and the total time necessary 
to flame-harden each link is 42 see. There are two 
keys and four gibs to be hardened on each link. These 
links are cast No. 4140 metal and are being air-hardened 
on this machine. We employ the spot method for 
heating the surfaces to be hardened and have the link 
suspended with the surface we are hardening just out 
of a soluble oil and water solution. 


\itrogen Content and Low-Temperature brittleness 
ol Steel 


RECENT investigation by the National Bureau 
of Standards provides valuable information on the 
effect of nitrogen on the brittleness of certain 
carbon steels at low temperatures.* Results of 
fracturing V-notch specimens in Charpy impact tests 
indicate that increased nitrogen, if present as aluminum 
nitride, improves the low-temperature notch-tough- 
ness—lowers the temperature at which brittleness ap- 


* For further technical details, see ‘‘Influence of Nitrogen on the Notch 
‘Toughness at Low Temperatures of Heat-treated 0.3 percent Carbon Steel,’ 
by G. W. Geil, N. L. Carwile and T. G. Digges, J. Research NBS, 48 (March 
1952), RP 2305. 
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But nitrogen in the form 
of nitrides of iron or manganese is apparently detri- 
mental from the same standpoint. The study was 
conducted by G. W. Geil, N. L. Carwile and T. G. 
Digges of the NBS thermal metallurgy laboratory. 
Various aspects of the influence of temperature on 
metals have been studied at NBS for a number of 
vears. Besides its theoretical value, knowledge of the 
behavior of metals at low temperatures has come to 
have increasing practical importance. Most ferrous 
metals, including ordinary carbon and low-alloy steels, 


pears—in the steels studied. 
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TRANSITION TEMPERATURE, *C 
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02 
ALUMINUM NITRIDE, PERCENT 


Fig. 1 The transition temperature from ductile to brittle 
behavior goes down as the aluminum nitride content goes 
up, according to a recent National Bureau of Standards 
study of certain 0.3% carbon, 0.2 to 0.39% silicon steels 


Solid circles—1.6% manganese steels not treated with aluminum; 
open circles—1.6% manganese steels treated with aluminum; tri- 
eangles—0.9@ manganese steels treated with aluminum 


tend to become brittle below certain low transition 


temperatures. Many steels that are satisfactory at 
ordinary temperatures may thus present serious frac- 
ture hazards under very cold operating conditions. 
Low-temperature characteristics of metals may become 
particularly important in aircraft operating at high 
altitudes or in cold climates, in military vehicles and 
equipment for arctic use and in refrigerating equipment. 

This low-temperature increase in brittleness, or loss 
of toughness, is generally accompanied by a decrease in 
ductility, by a decrease in energy absorbed in fractur- 
ing, and by a change in appearance of the fracture 
surface; this surface is fibrous in appearance in higher- 
temperature fractures but becomes granular in frac- 
tures occurring at lower temperatures. Transition 
temperatures depend on many factors, including 
chemical composition, the manufacturing process, sub- 
sequent thermal and mechanical treatment; and 
method of applying stress. Even if it is not introduced 
intentionally, a certain amount of nitrogen normally 
finds its way into steel in the course of manufacture. 
Knowledge of the effect of nitrogen on low-tempera- 
ture brittleness, as well as on other steel character- 
istics, therefore becomes important. 

The samples studied at NBS were of 0.3% carbon 
steels containing 0.9 or 1.6, manganese, 0.2 to 0.36; 
silicon, and variable nitrogen. Included was one 
aluminum-treated series. Notched specimens were 
fractured in impact at temperatures ranging from 
—196 to +100° C. (—320 to +212° F.) 
minum-treated steels tested showed much better low- 


The alu- 


temperature notch-toughness than the steels not so 
treated; transition temperatures, at which behavior 


changed from ductile to brittle, were approximately 30 
to 50° C. (54 to 90° F.) lower for the aluminum-treated 


Fig.2 The National Bureau of Standards uses this Charpy 
type impact testing machine to measure the notched-bar 
impact properties of steel and other metals 

The notched specimen (operator's left hand) is supported at both 
ends in the anvil of the testing machine, and is broken by a single blow 
of the pendulum (above), which strikes the specimen at its center on 
the side opposite the notch. After breaking the specimen the pendu- 
lum swings through between its supports. The difference between 
height of fall and height of rise of the pendulum gives a measure of the 
energy required to break the specimen 


specimens. Transition temperatures ranged from 
about —45 or —50° C. (about —50 to —60° F.) for 
the nonaluminum-treated steels to about —S80O or 

95° C. (about —110 to — 140° F.) for the aluminum- 
treated steels. In the latter the nitrogen was present 
as aluminum nitride, and transition temperatures de- 
creased with increasing aluminum nitride content 

Reported findings by Various past investigators of 
the effect of nitrogen content on low-temperature 
properties of steels have been inconsistent. Some in- 
vestigators have reported decreased toughness and 
higher transition temperatures with increased nitrogen, 
while others bave reported no appreciable effect 
Other researchers have suggested that nitrogen may be 
beneficial if present in the form of aluminum nitride 
The new NBS study, indicating that nitrogen is bene- 
ficial to low-temperature notch toughness if present as 
aluminum nitride but detrimental if in the form of 
other nitrides, tends to explain and reconcile the in- 
consistent earlier reports 
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Steel Mill Maintenance Welding During a 


efense Period 


§ Organization and planning of steel mill maintenance with typical application 


by R. L. Deily 


INTRODUCTION 


HE discussion of organization for welding pre- 

sented in this paper may be held by some to be 

outside the scope of a nominally technical paper. 

In our opinion, however, some such organization 
is basic to the sound planning for good use of welding 
and its allied processes in maintenance operations of 
steel mills. 

We have today an unpredictable period of prepara- 
tion, of awareness and by making the most of it we can 
put ourselves in a well-organized state of readiness. 
So long as it is truly a defense program, we have time 
to build, to train and to plan. This planning must 
be intelligently suited to our current needs and permit 
fast, effective stepping up of maintenance capacity 
along with productive capacity to cope with any situa- 
tion that can arise. 

In this planning, we must not permit our enthusiasm 
for the welding processes to carry us away. There are 
limits to the processes and to the work they can do 
effectively. In practice, we find some management 
thinking of welding as a routine and secondary activity, 
while others consider it a panacea for every maintenance 
trouble in the mill. Undoubtedly, the effectiveness 
of management's welding organization will to a large 
degree determine his attitude toward welding. 

In any event, the welding man favors the latter 
point of view—he firmly and honestly believes in his 
work. 

Commenting on this belief, a highly esteemed en- 
gineer of a steel company once declared that “welding 
and burning are apt to become something of a religion 
or a way of life.” This is a thought-provoking state- 
ment, because it is so true and untrue at the same time. 
It is untrue in a sense if it means that welding men 
do not have their feet on the ground. It is true in 
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the sense that most of us welding people become en-* 
thusiasts about welding, and proselytize in almost a 
religious fashion. But why does this happen to normal 
engineers who by the vagaries of life become welding 
men? 

It seems to me that the answer lies in the tremendous 
capabilities and contributions that each welding man 
sees in modern welding, and in processes such as gas 
cutting, inert-gas-shielded welding and so on. The 
more he learns about welding—what it has already 
made possible and what is being developed—the more 
limitless do the possibilities seem. There is hardly a 
single stage in the mining, refining and use of metals 
where welding does not play an important part. Ours 
is the age of steel, and we believe the efficient pro- 
duction and use of the steel depends considerably on 
welding. 

Yet this factor is not generally realized by those not 
welding enthusiasts, and consequently, in our opinion 
the potential available in wider use of welding is not 
being obtained. A classic example of this lack of 
appreciation is listed in the December 1949 issue of 
Welding Engineer by T. B. Jefferson. An automobile 
executive tried to prove that welding meant nothing 
to the automotive industry, and backed up his opinion 
with the statement that there is only $13 worth of weld- 
ing in a six-passenger, four-door sedan retailing at 
$2000. This executive was asked what the price of 
an unwelded automobile would be. Since the plant 
had never tried to build the sedan unwelded, there 
wasn't any accurate answer to the cost. However, 
his best estimate was that the auto might be priced at 
least $1000 more if there were no welding. 


WELDING IN STEEL MILL MAINTENANCE 


It would be impossible to estimate the cost savings 
brought about by the use of welding and allied proc- 
esses in the production of steel, particularly since 
steel itself is such a complex product. Where concrete 
data are given in the literature, the savings indicated 
are substantial. For instance, Fey,* in describing 
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construction of a welded blast furnace in 1943, indi- 
cates that a riveted furnace would have cost 50°, more 
than a welded furnace. He also estimated that there 
would be a 5% per year saving in operation due to less 
maintenance, easier maintenance and so on. 

Returning to the comments of that steel plant en- 
gineer, he says further that welding and burning are 
subsidiary to the general problems of maintenance, 
with which we heartily agree. These are: 


I. Keep equipment running at all times. 
II. Keep equipment running at lowest cost. 


In order to accomplish these aims, the maintenance 
departments are divided into mechanical, electrical 
and service groups, in the customary steel mill organi- 
zation setup. 

The mechanical group uses machine tools, either 
portable or stationary, and uses the kind of skills 
which traditionally go with machine shops. 

The electrical group has to do with electric motors 
(including their mechanical phases) and all the appur- 
tenances usually associated with electricity. 

The service groups generally are the crafts, including 
carpenters, riggers (or bridgeman), painters, bricklayers, 
welders, burners and unclassified labor; these groups 
use tools peculiar to their crafts. 

Thinking about maintenance problems in such broad 
outlines makes it obvious that welding and burning, 
as crafts, are indeed subsidiary, and this is undoubtedly 
the viewpoint of the steel plant engineer previously 
mentioned. Yet, actually, the welding operations as a 
whole are so basic that they will be found essential 
to most other types of maintenance. It may be fairly 
stated that most. of the important types of maintenance 
could not be conducted under current conditions with- 
out welding. 

In line with the above maintenance groupings, the 
usual organization in a steel mill consists of an over-all 
superintendent, generally a master mechanic. Re- 
porting to him as direct assistants are a mechanical 
and an electrical man who divide between them the 
responsibilities indicated by their titles. Welding has 
come into the organization and is generally covered by a 
welding foreman, sometimes in the electrical, more 
often in the mechanical, setup. However, we propose 
that there should be a welding assistant reporting to the 
master mechanic on an equal status with the mechanical 
and electrical assistants. 

This welding assistant and his organization will be 
able to coordinate all the various activities in the 
domain of welding as they affect the steel mill. That 
knowledge of welding is a full-time job for capable 
personnel is indicated by the 1579 closely printed pages 
of welding information in the current 1950 edition 
of the Welding Handbook. This information, so far 
as it affects steel mill maintenance, can be summarized 


as follows: 
Typical Welding and Burning Operations in Steel Mills 


A. Use of oxygen by itself. 


1. Laneing. 
B. Oxytuel gas-flame cutting processes. 
1. Manual cutting. 
2. Machine cutting. 
3. Oxygen machining. 
(a) Searfing. 
(b) Gouging. 
(c) Edge preparation. 
C. Welding processes. 
1. Oxyacetylene welding. 
(a) Fusion welding. 
(b) Braze welding. 
2. Thermit welding. 
3. Are welding. 
(a) Carbon are. 
(b) Bare metal are. 
(c) Shielded metal are. 
(d) Atomic hydrogen. 
( 
(f) Automatic welding. 
4. Resistanc® welding. 


) Inert gas shielded. 


To briefly consider welding processes, we will start 
with oxyacetylene welding, since this was the first proc- 
ess to be used on a wide scale. It would be a mistake 
to say that oxyacetylene welding has not changed at 
all since 1900, but this is nearly true. Equipment 
has been refined and made more flexible, but basically 
gas fusion welding (and braze welding) is done now as it 
was years ago. It is an indispensable tool used year 
after year in steel mill maintenance particularly for 
cast-iron welding and for small pipe fabrication. 

By using an extra line for introducing pure oxygen, 
the oxyacetylene welding torch was very early modified 
to become a cutting torch, which resulted in tremendous 
broadening of the welding industry. Such oxyacety- 
lene cutting torches have been developed into numerous 
variations for special jobs in the steel mills, as well as 
being mechanized by mounting on a motor-driven 
carriage. One of the specialized oxyacetylene torches 
is the scarfing torch; the searfing operation because of 
its close integration with steel production, and its high 
consumption of oxygen and fuel gas, has further pointed 
up the need of a welding organization in the steel mills. 

For example, a steel mill without a specific welding 
organization was having trouble with scarfing torches. 
The service company was called to assist in ironing 
out the difficulties, and a meeting of all interested 
parties was held. This meeting included the mechani- 
cal maintenance group, who had charge of repairing 
torches; the slab mill superintendent and foreman, 
in whose department the torches were being used; 
the combustion department who were responsible for 
the oxyacetylene pipelines; the safety department who 
are involved as a matter of course in steel mills: and, 
finally, the outside welding service group who were 
advising what might be done. 

The mere statement of the situation shows the diffi- 
culties that arise where there is no specific welding 
organization. Each one of the individuals in the meet- 
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‘in something other than the welding problem. 


ing was a capable person, but his primary interest was 
Yet, 
the successful operation of the slabbing mill, under 
current conditions, is highly dependent on the scarfing 
operation. The outside welding service is anxious to 
help, but from an organization standpoint can only 
advise each department, in a sense, separately and 
so the job goes along haltingly, in spite of the best 
intentions of everyone. It is the old story that what 
is everybody's business is nobody's business. 

Because steel mill equipment is subject to such severe 
wear and tear, the maintenance organization has the 
twin problems of build-up and patch-up to solve. 
For this work the are-welding processes are the most 
widely used; they are also, surprisingly enough, at 
the same time the oldest and the newest of autogenous 
might fairly be said that 
widespread use of the versatile coated electrodes for 


welding operations. It 


steel mill welding has occurred only since about 1930. 
\s a matter of contrast, we find shop welding with 
carbon are described in La Lumiere Electrique of 
ISS7! These early French welders were making barrels 
and pipes and except for battery source of power, 
worked under surprisingly modern shop conditions. 
Needless to say, the earbon-are process is still of im- 
portance to the steel industry for certain very special 
jobs. 

The most recent electric are welding development 
is the inert-gas-shielded process of which there are two 
the nonconsumable tungsten electrode with 
recent 


types; 
or without added filler metal and the 
feeds a consumable electrode through 
welding 


most 
which 
the are (Aircomatic*). 
have already revolutionize! the welding of almost 
all nonferrous metals, particularly aluminum, nickel 
and copper alloys as well as the higher alloy steels 
Since the steel mill maintenance 


type 


These processes 


such as stainless. 
man is confronted with numerous nonferrous welding 
problems such as Diesel engine pistons, tuyéres, mill 
guides and so on, these inert are processes are of partic- 
ular interest. In addition, with the Aircomatic proc- 
ess applied by means of an automatic welding head, 
all of these materials can be welded and overlaid auto- 
matically. The scope of tools available to steel mill 
welding engineers has been appreciably widened by 
this development. 

This very brief listing of the types of welding and 
burning operations used in steel plants, both in main- 
tenance and in production suggests how welding cuts 


bined with the diversity of the welding operations, 
makes “‘welding”’ for the steel man a complex subject, 
requiring constant study. Furthermore, this wide use- 
fulness and complexity of subject is the basic reason 
why welding and burning become a way of life. 

For a steel mill to get what it should from welding 
and allied processes, an organization must be set up 
for that particular purpose. This welding organization 
is charged with the responsibility of keeping abreast 
of welding developments, and of applying those de- 
velopments throughout the operations of the steel plant 
It is hardly necessary to point out to an audience of 
welding men that this keeping abreast of developments 
is no easy task, and is indeed a full-time job for enthusi- 
What it amounts to for 
scattered, miscellaneous staff of welding foremen is 
sheer impossibility. 
the division of authority for lack of organization is a 
fatal blow to successful application of welding in the 
mill. 

In addition to its regular welding activities for main- 
tenance the welding organization will be able to offer 


astic personnel. a divided, 


Even if this were not the case, 


assistance to those steel mill departments using oxygen 
in metallurgical ways, such as for decarburization, flame 
hot topping and so on. The welding man’s knowledge 
of oxygen pipe lines, oxygen flows, regulating equip- 
ment, etc., will be invaluable to the blast furnace, 
open hearths or other departments concerned with the 
use of metallurgical oxygen. 
tude of welding operations in the steel mills can be 
obtained from a look at the oxygen-consumption figures 
for the steel industry. We find that the industry used 
an estimated 9 billion cubie feet of 99.507 oxvgen in 
1950, and that the consumption per ingot ton increased 
from an estimated 40 cu. ft. in 1940 to 90 cu. ft. in 1950. 

It has been brought to our attention that such a 
welding organization, set up for the positive promotion 
of all the numerous welding processes mentioned, will 
also have an advisory job of great value. 
is the prevention of misapplications of welding tech- 
niques or processes, 


Some idea of the magni- 


This job 


Some of these are more or less 
obvious such as unnecessary burning of foundation 
bolts, or welding on highly alloved steels without proper 
precautions. Other misapplications are more subtle, 
and involve uneconomic fabrication or 
by welding, or involve repair welding to the point where 


reclamation 


fatigue failures turn gains into losses. Obviously, 
however, such recommendations cannot be made unless 
there is in the steel mill setup, “This welding organi- 
zation . charged with the responsibility of keeping 
abreast of welding developments, and of applying 
these developments throughout the operations of the 
steel plant.” 


squarely across all steel mill operations. This, com- 
* Trademark registered U.S. Patent Office 
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by E. A. Clapp and 
N. G. Schreiner 


HE choice of the type of power to be 
used for welding is usually a compromise 
between two major factors The use 


of alternating current, in most instances, 
satisfactorily eliminates the effect of mag- 
netic fields around the arc, usually known 
as “are blow.” Such welding current 
is almost universally supplied by specially 
designed single phase transformers, and in 
a shop where a significant amount of the 
total power consumption is represented by 
a welding load, a considerable unbalance 
in the usual three-phase plant supply 
system may occur. Balanced loads can 
be obtained with motor-driven generators ; 
with the motor being operated from the 
three-phase line, and the 
usually providing d. c. 
This type of power, however, is particularly 


generators 
welding power 


susceptible to are blow, the correction of 
which may prove to be practically impos- 
sible in many instances. A few alternating 
current generators have been installed, 
but have not been particularly successful, 
chiefly because of lack of flexibility in con- 
trol of the welding power 

It is obvious that there would be con- 
siderable advantage to be gained through 
the use of three-phase power directly lor 
welding Proper choice of transformers, 
corrective capacitance, and adjustment 
of welding load should provide an essenti- 
ally balanced primary load and yet retain 
the virtues of an a. c. welding source as 
compared with d. ¢ 

One method that we have devised for 
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Characteristics of Submerged Arce Welding with 
hree-Phase Power 


common 


accomplishing such a_ result involves 
the use of the automatic submerged melt 
process using two rods positioned in tandem 
over the seam to be welded. Each rod is 
independently driven by rod-feed motor, 
control and guide tube. One lead of the 
three-phase power supply is connected to 
each rod, and the third lead to the ground 
Our new technique has now been 
developed to the point where it is being 
commercial 


used quite extensively in 


practice, especially for the manufacture 
of tubular products on a high-production 
basis. The method has proved to be 
particularly economical. Welding speeds 
obtainable are two to three times faster 
than can be realized with a single-rod 
technique 

In the initial development of this tech- 
nique, the three basic three-phase trans- 
former circuits; that is, open- and closed- 
delta and wye, were investigated. It was 
found that all three circuits could be uti- 
lized for welding but that the two delta 
circuits exhibited considerable advantage 
over the wye circuit. One of the primary 
advantages is the fact that the welding 
current which can be drawn from a®*closed- 
delta system is 1.73 times the rated capa- 
city of the 
the normal rated capacity can be used in 


transformers, whereas only 


the wye system. The high voltage pro- 
duced by the wye system is of no advantage 
as the excess must be absorbed by appro- 
priate ballast As it is current that gene- 
rates the welding heat, the effectiveness 
of the delta system is obviously consider- 
ably greater. It is the two modifications 
of this circuit that have been utilized 
commercially. 

There were many factors to be investi- 
gated in addition to those normally ap- 
‘hnique 


plicable to the single-rod te 


Among these factors are the possible 


effect of phase angle, phase sequence, 
power distribution between rods, and the 


As the 
investigation progressed, it was found 


effect of primary power factor 
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® Submerged melt welding operating with three-phase welding power 
applied to two welding rods arranged in close tandem so as to deposit 
welding pool offers 
in some applications over other methods of submerged arc welding 


many advantages 


that most of these factors had consider- 
able influence on the quality of the welds 
produced It is these effects, and the 
control of weld quality that is provided 
by their proper utilization, that impart 
to the three-phase tandem technique 4a 
uniqueness heretofore unknown in the 
realm of welding. The effects of each of 
these variables will be described indepen- 
dently, and then an explanation given for 
their combined influence 
will be made to a d. 


Some reference 
c. system, as this will 
help to clarify the a. c. phenomena. 

As is well known, a flexible or movable 
conductor ean be set in motion by the 
action of a magnetic field. An are is a 
flexible conductor and therefore subject 
to deflection by a magnetic field. In 
submerged melt welding, weld quality 
and the direction of are 
deflection are definitely related. If the 
are is deflected rearwardly over the weld 


movement of 


puddle, a weld of poor appearance will 
be produced; forward deflection will re- 
sult in production of smooth, undercut- 
free welds, 

The magnetic field required to produce 


the desired arc deflection can be obtained 


in several Ways ry permanent magnets, 
electromagnets, or self-induced field The 
simplest method, however, both from the 
standpoint of control and economy, is the 
use of the field surrounding a second con- 
ductor; that is, by using two electrodes 
in tandem 

If the magnetic pattern of such a system 
is considered, it will be shown that by 
proper choice of electrode polarities the 
fields of the leading rod current and the to- 
tal ground current can be utilized to deflect 
the are at the trailing rod in the forward 
direction, thus favoring production of a 
At the leading rod, the fields 
produced by the trailing rod current and 


good weld 


of the ground current of the leading rod 
tend to neutralize. Thus, the direction 
of deflection of the 
subject to such accurate control 


leading are is not 


How- 


479 


ever, as long as all magnetic conditions 
are so established and controlled as to O\ pHAase /S 
deflect the trailing arc in a forward direc- 
tion, welds of acceptable quality can be | TIME 
obtained. The deflection of the leading 
are is relatively unimportant. 

The direction of welding with respect to 
the location on the work of the ground 
line contact is also important and is an 
integral part of the magnetic pattern 
mentioned above. It is usually recom- 
mended that welding proceed in a direc- 
tion away from the ground contact, and 
in general this practice is advocated when 
the three-phase connection is used. How- 
ever, because of the facility with which 
the ground as well as the rod currents 
can be adjusted in the three-phase connec- 
tion, suitable conditions can be established 
for welding toward the ground contact. 


PHASE ANGLE 


The phase angle between the two a. c. 
electrode currents was found to be of 
considerable importance and to have a 
direct bearing upon weld quality. The 
phase angle relationship of these two cur- 
rents regulates the time periods during 
which the two electrodes are of similar 
or dissimilar polarities. As was pointed 
out above, the polarities of the electrodes 
are a major factor in determining are 
deflections. When welding with a.c., the 
values of the various induced fields are 
constantly varying in intensity, and there- 
fore the are deflections will not be constant 
but also will vary. The relative times of Fig. 1 Oscillograph of closed-delta circuit 
deflection in the forward and rearward P 

Upper Group No. 55—reversed phase sequence—poor weld. Lower Group No. 52—Normal 
uence—good 


directions, particularly of the trailing are, weld. 
might be expected to exert considerable 


influence over the weld quality. 

The ground current is also of importance 
magnetically. Ip the three-phase system, 
the ground current can be varied over a 
wide range, independently of the currents 
introduced into the welding rods. On 
the other hand, in the connections used 
with d.c. or the combination of d.c. and a.c. 
on tandem ares, the ground current is not 
subject to such exact control. By varying 
the ground current, two factors are brought 
under control: one, the effect of the induced 
field due to the ground current, and second, 
the polarity time factors of the two elec- 
trodes. This is because changing ground 
current will alter the phase angle relation- 
ships of the the three currents. 


PHASE SEQUENCE 


Another factor found to be of great 
importance was phase sequence. With 
the open-delta circuit (which normally 
provides rather high ground current) 
and with a welding direction away from 
the ground contact on the workpiece, 
it was found that to produce good quality 
welds, welding currents had to be in “‘re- 
versed’’ phase sequence, the order being Fig. 2 Typical welds in '/,-in. plate—closed-delta circuit 
ground, trail rod, lead rod. With the 
closed-delta circuit (with ground current Nes. ond of Fle, 1 
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Fig. 3 Oscillograph of open-delta circuit 


Upper Group No. 57—normal phase sequen por weld. Lower Group No. 49—reversed 


phase seque weld. Legend: same as Fig. 


Fig. 4 Typical welds in '/,-in. plate—open-delta circuit 


Upper weld illustrates normal phase uence. Lower weld illustrates d phase sequence. 


Refer to oscillographs Nos. 57 and 49 of Fig. 2 
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only slightly higher than rod currents) and 
with direction of welding away from the 
ground connection, a “normal” phase se- 
quence—lead rod, trail rod, ground—was 
necessary to produce satisfactory welds. 
When an inductor was inserted in 
the ground line of the open-delta system, 
thus reducing the ground current to the 
level normally employed with the closed- 
delta system, unsatisfactory welds _re- 
sulted unless the phase sequence ‘was 
changed from reverse to normal. Con- 
versely, removal of the ground line inductor 
from the closed-delta system, thus increas- 
ing the ground current, produced unsatis- 
factory welds with the normal sequence. 
An examination of the oseillograms 
shown in Figs. 1 and 3 will indicate not 
only the variation in the polarity time 
factors due to the change in ground 
current, but also the variatiom in these 
factors due to the change in phase sequence. 
Fig. 2 shows the welds that are obtained 
with the values of Fig. 1 while Fig. 4 
shows the welds produced by the values 
recorded in Fig. 3. 


POWER DISTRIBUTION 


The distribution of power between rods 
was found to be of great importance at 
high speeds of welding. Under the con- 
ditions of testing, it was found that, 
in general, best results were obtained when 
40 to 50 per cent of the total power input 
at the weld zone was introduced through 
the leading rod. It was also found de- 
sirable that the leading rod carry less 
current than the trailing rod and that 
the ground current be greatest of the three 
This was true with all three basic circuits. 
The total power input to the weld is the 
sum of the power for each are. The 
power input to each are can be approxi- 
mated quite closely by multiplying each 
are current by its corresponding are volt- 
age. 

Magnetic enviroment at the welding 
zone is dependent not only upon the weld- 
ing currents but also upon the proximity 
of magnetic material in jigs and fixtures. 
Therefore, it was reasonable to predict 
that the weld quality would be affected 
by the variations in the mass of adjacent 
magnetic material, and that the above 
distribution of power might not apply. 
This prediction was borne out in the practi- 
cal application of the circuit. The power 
was divided between the two rods by ad- 
justment of currents and voltages so as to 
produce the desired weld under the jigging 
conditions at hand. 


POWER FACTOR 


Tests were run both without any pri- 
mary factor correction and with full cor- 
rection. Changes in primary power factor 
had no discernible effect upon weld quality. 
There was, of course, considerable effect 
upon primary line and phase currents, 
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Fig. 5 Welding speed vs. welding 


power for ' ,-in. plate 


and ample corrective capacitance is to be 
recommended in orcer to keep the phase 
currents within the rated values for the 
primary supply transformers used. Power 
factor correction can also be used to bring 
the primary load close to balanced con- 
ditions. 


EFFICIENCY OF POWER 
UTILIZATION 


The efficiency of power utilization in 
all submerged arc welding is improved 
by increasing the welding speed above the 
values considered normal for single-rod 
techniques. Eventually, however, a range 
is reached in which further increases in 
speed produce little or no change in effici- 
ency. The speeds attained by the tandem 
technique, being two to three times greater 
than single-rod techniques, are apparently 
within that range. Tests on '/,-in. plate 
over the speed range of 70 to 120 in. per 
min. showed that the relationship existing 
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Fig.6 Comparison of energy require- 
ments for single rod and tandem rod 
techniques 
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between speed and actual welding power 
is essentially straight-line. See Fig. 5. 
The energy required to make one foot 
of weld is about the same for both tandem 
and single-rod techniques when welding 
thin plates. However, efficiency of the 
tandem process, as compared with the 
single-rod technique, rapidly increases as 


the plate thickness is increased, until, 
when welding 2-in. plate, the tandem proc- 
ess requires only 75 per cent of the energy 
required by the older method. This is 
illustrated in Fig. 6 

The ratio between the weld size (or 
nugget area) and the energy input to the 
weld was found to be a constant over the 
range of I4-gage to 2-in. plate with a 
welding speed range of 190 to 17 in. per 


minute. This is shown graphically in 
Fig. 7. 
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Fig. 7 Relation of energy input and 
cross-section area of weld nugget 


THEORY OF THREE-PHASE 
OPERATION 


As a result of the above observations, 
it was deduced that complex magnetic 
forces were responsible for the variety of 
results obtained during the tests. An 
hypothesis was developed which attempted 
to explain the relationships between weld 
quality and current magnitudes, phase 
angles, phase sequence, and welding direc- 
tion (with respect to the ground connect- 
ion) in terms of the magnetic pattern 
created at the welding zone. Subsequent 
experiments, as will be described, showed 
that the essential details of the theory 
were correct, 

At any given instant, the magnetic 
relationships resulting from the use of d.c. 
power should be applicable to an a.c. 
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In an a.c. system, however, the 
pattern of the relationships is constantly 
changing. Since there are intervals when 
the electrodes will be of the same polarity 
and others when they will be of opposite 
polarity, there will exist, 
conditions tending to produce good and 
poor quality welds. The ratio of the times 
of existence of the two conditions is a 


system. 


alternately, 


function of phase angle between the two 
electrode currents. Thus, alteration of 
the phase angle should change the magnetic 
condition from predominantly “bad” to 
predominantly “good,” or vice versa 

In the d.c. system the ground current is 
the arithmetical sum of the two electrode 
currents and is not susceptible to inde- 
pendent control, In the three-phase sys- 
tem, however, this current is the vector 
sum of the electrode currents and it can 

The ground 
magnetic field 


be varied independently 
current also produces a 
that exerts considerable force upon the 
ares. In the three-phase alternating cur- 
rent system, this influence is brought under 
control. Thus, regulation of the ground 
current should 
the effects of the induced fields of the three 
currents by changing the intensity of the 


simultaneously control 


field associated with the ground current 
and adjusting the phase angle between the 
electrode currents, and thus the “time” 
factor described above. 

These deductions lead to the conclusion 
that, in order to obtain a high quality 
weld, the time period during which the 
trailing are is deflected in advance of the 
completed weld must be longer than the 
time period of rearward deflection. If 
this tentative conclusion is assumed to be 
correct, the effect of phase sequence might 
readily be explained. It was reasoned 
that if all factors relating to the time factor 
were not changed, changing phase se- 
quence could only alter the sequence of 
events at the welding zone, and in effect, 
would rotate the are deflection pattern 
around a vertical axis located between the 
Thus, under conditions 
forward are 


two electrodes. 
producing predominantly 
deflection with a given phase sequence, 
the same would produce a 
predominantly rearward deflection when 
the phase sequence was reversed, with 


conditions 


corresponding change in weld quality. 

In considering the effect obtained when 
the direction of welding with respect to 
the ground contact point is changed, the 
explanation of the action in the d.c. system 
might be expected to apply at any given 
instant. However, this concept must be 
modified. The ground current of the are 
farthest from the ground contact point 
is in phase with the are current, but the 
ground current at the are nearest ground, 
being the vector sum of the two are cur- 
rents, 7s not in phase with the second are cur- 
rent. Therefore, the ground current does 
not influence the two ares to the same de- 
gree nor at the same time. 


Reversing the direction of welding, 
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theretore, might be expected not merely 
to reverse the pattern of arc deflection 
at the two electrodes, but in addition, LEAD ANIPS TRAIL AMPS GROUND AMPS 
probably would alter the time factor of be XN 


N 
VAR 


186° 


Z 


KN LEAD ARC 


are deflection! If the d.c. explanation 


applied directly, it would be expected 


that the effect obtained by reversing weld- 


ing direction could be compensated by a 


reversal of phase sequence. Yet, if the 


second explanation is correct, this should 


FORWARD 


not be effective, and it might rather be 


+ 


expected that the magnitude of the ground 
current should be altered, thus changing 


both the strength of its induced field and 
the time factor controlled by the phase 
angle between the two electrode currents 


In combining the above considerations, 
it became obvious that although the angle 


of deflection of the trailing are vs. time 
would be the resultant of the four es- 


BACK WARD 
S 


in effect, the zero axis of the deflection | 
curve would be shifted from the normal 40 80 120 160 200 20 280 320 360 
position. Therefore the time factor would 

not be predictable as a function of phase DEGREES OF A CYCLE 

angles and sequences alone. Because of NORMAL PHASE ROTATION 

the practical difficulty either of measuring . TRAIL CURRENT LAGS LEAD CURRENT 8Y /07°30' 
intensity and direction of the magnetic GROUNO 239° 


sentially sine wave functions, and there- 


S 


fore should follow a general sine pattern, 


ANGLE OF ARC FROM VERTICAL - DEGREES 
° 
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fields + of calculating these quantities WELDING AWAY FROM GROUND 
(the current path and distribution within ° 1000 
the workpiece is not readily determinable), AMPERE SCALE I Nl j 


the relationship between optimum ground Fig. 8 Deflections of lead and trail ares with delta connection and normal 


current magnitude and welding direction ground current 


could not be predicted. 
Current—lead rod, 920 amp.; trail rod. 1040 amp.: ground, 1160 amp. 


EXPERIMENTAL CORROBORATION 
OF THEORY 


Although the above theory was based, -9a. 


to a limited extent, upon observed pheno- 


mena, most of it wasdeveloped without ben- 


LEAO AMPS. TRAIL AMPS. GROUND AMPS. 


N 

\ 60° 
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efit of supporting evidence. It was de- 


sirable that such evidence be obtained, 


if possible, because successful commercial 


application of the technique would require 
Fo 


a dependable working theory for guidance 
of service personnel. 


Welds could be and were made under 
a variety of conditions to show the effects 


FORWARD. 
+ 


+ 


on weld quality, but these could not dis- r 7 TRAIL ARC. 


play the mechanism by which the results 


were produced. In order to study the are 4 
action directly (the are normally being 


completely blanketed from view by the 


granular Unionmelt welding composi- 


276° 
LEAO ARC. 


tion), test welds were made under a partial 


N 


atmosphere of argon to prevent oxidation 
effects These welds were made at cur- 


BACKWARD 
& 


rent and voltage values equal to those used 


with the Uniomelt welding composition, 


and the ares photographed with a hyper- 


g 


ANGLE OF ARC FROM VERTICAL - DEGREES. 


slow motion technique. Film speeds were 


40 80 [20 M0 200 20 280 32 360 
OEGREES OF A CYCLE 


Normal PHASE ROTATION 
TRAIL CURRENT LAGS LEAO CURRENT 8Y /57° 


chosen to provide approximately 6000 
frames per second—100 frames per cycle 


Fig. 9 Deflections of lead and trail GROUND 264° 
arcs with delta connection and low WELOING AWAY FROM GROUNO 
ground current 
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ampere scale 


1000 


Fig. 10 Deflections of lead and trail arc with delta connection and high ground 
current 


Currente—lead rod, 960 amp.; trail rod, 1040 amp.; ground, 1680 amp. 


Two exposures were made on each plate 
welded—one at the midpoint, and the 
second near the finish end of the weld. 
Examination of the films, one frame at a 
time, provided data on the deflection angle 
(from the vertical) of the arc vs. time. 
Plots of these angles disclosed the time 
factors discussed above, the direction of 
sweep of the ares, and an indication of 
are stability. The curves in Figs. 8, 9 and 
10, do not cover the full eyele of 360 
electrical degrees, there being gaps where 
the are was extinguished (near the zero 
current axis) or where the photographic 
image was too dim and indistinct te meas- 
ure. While these charts indicate the 
variation in the are deflections due to 


changes in the ground current only, 


they show in a typical way the manner by 
which are deflections were plotted under 
the various welding conditions possible 
with these circuits. 

Welds were then made under a blanket of 
welding composition using the same variety 
of conditions in order to correlate weld 
quality with the are action observed in the 
photographs. Examination of the data 
showed that the theory given above was 
correct. Other tests have shown that the 
second explanation of the relationship of 
ground current to welding direction was 
the correct one. 


COMMERCIAL APPLICATION 


In Table 1, typical conditions are re- 


corded for single pass welds from '/, in. to 
1 in. in thickness and for double-vee welds 
up to 2 in. in thickness. Welding speeds 
have often been limited in commercial 
practice, as well as in the laboratory, by 
the availability of power and the ability of 
the drive unit to provide uniform motion. 
However, the speeds generally obtained 
in the production of high pressure, large 
diameter gas and oil transmission pipe, 
where the tandem welding procedure is 
most widely used, are as great as 100 in. 
per min. on '/, to */,in. thick material. 
This compares with 25 to 35 in. per min. 
obtained where single rod machine weld- 
ing is practiced. 

The tandem procedure can also be used 
for welding both longitudinal and girth 
joints of pressure vessels of diameters 
greater than about 54 inch. It is parti- 
cularly to be recommended where large 
numbers of vessels of essentially the same 
design are fabricated on a production line 
schedule. In this sort of operation, the 
large increase in welding speed developed 
by the a.c.-a.c. tandem procedure results 
in greatly increased output. 

This procedure can also be applied to 
multipass welds. The advantage here is 
that the rate of metal deposit is greatly 
increased, even though conditions are es- 


Fig. 11 Typical cross sections of 
single-pass welds in and I-in. 
plates 


Table 1—Typical Conditions for Tand 


Edge preparation 

First side Root 

thick- Depth, face, 

ness, in Angle in. in. 

Square edge 
60° 


Plate 
Angle 
16 

i 


3 


Second side 
Depth, 


Leading electrode 
Diam., 
in. in. 


Amp. 


4 
4 
"Mig 


Trailing electrode 


It Welds Using Three Phase Power 


Welding 
Total rod composition 
deposited, fused, 
Ground lb./ft. lb./ft. 
current of weld of weld 
0.159 0.135 
0.312 0.177 
0.687 0.620 
0.707! 0.633 
1.578! 


2.286 
\ 


0. 967 


1.752 
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tablished so that the thickness of indi- 
vidual layers does not exceed a nominal 
1/, to */sinch. Speeds of 30 to 50 in. per 
min. per pass have been established, 
without encountering difficulties from 
cracking or poor bead shapes. This com- 


Fig. 12 Typical cross sections of 
double-vee welds in 1, 1°) \- and 2-in. 
plates 


pares to 10 to 18 in. per min. used for 
single rod welding. 

The two rods used in this method are 
necessarily closely spaced so that their 
tips are in a common pool of fused ma- 
terial. The weld nugget differs very little 
from those of single rod welds as shown by 
the cross-sections of Figs. 11 and 12. These 


show well-shaped welds of deep penetra- 
trtion. 
tile that wide, shallow welds can be ob- 
tained with equal facility. 

The distribution of heat differs from 
that obtained in single rod welding, as 
would be expected. In a number of cases, 
steels or types of joints ordinarily difficult 


However, the control is so ver- 


to weld, have been welded by this proce- 
dure without experiencing the cracking or 
porosity that even the best techniques ap- 
plicable to single rod machine welding 
could not eliminate. 

In summary then, a novel procedure has 
been developed and applied to commercial! 
fabrication which: 

1. Directly utilizes three-phase power 
for welding purposes, in a circuit which 
ean be designed to provide a high power 
factor and balanced phase loads. 

2. Provides great flexibility in the con- 
trol of weld quality. 

3. Because of this flexibility makes 
possible unusually high-welding speeds 
compared to those normally obtained with 
submerged are. 

4. Results in considerable improve- 
ment in energy utilization. 

5. Provides a maximum control over 
the magnetic effects (are blow) which can 
be very troublesome under certain condi- 
tions of operation. 
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Oxyacetylene Welding and Cutting as Applied to 


Railroads 


» Repair and fabrication of parts for passenger and 
freight cars and of steam and Diesel Locomotives 


by W. D. Waldron 


FULL range of oxyacetylene processes are utilized 

on the Seaboard Railroad. These vary from 

simple heating operations to automatic shape- 

cutting, and on up the scale to fabrication and 
reclamation of alloy Diesel components that must 
operate in hard service. Welding conditions and rou- 
tines must be carefully followed in all of this work. 

The gradual passing of steam motive power on our 
cailroad has brought about changes in the use of oxy- 
There is a great difference be- 
tween the repairs made to a cracked steam locomotive 
frame on the one hand and on the other hand the air- 
acetylene heating used to solder the copper in a Diesel 


acetylene processes. 


traction motor commutator. As you can well imagine, 
the former operation required one type of skill and the 
latter demands a very different type. However, as you 
will find out in the next few minutes, there are still 
many applications in Diesel maintenance that require 
the use of the blowpipe with a wide variety of tip 
sizes. 

In the broadest sense, the oxyacetylene flame is used 
by the Seaboard in practically all metal working. In 
the mechanical department it is used in the fabrication 
and repair of parts for passenger and freight cars and 
of steam and Diesel locomotives. 

On track work, oxyacetylene processes are also widely 
used: worn frogs and switch points are rebuilt; rail 
ends are oxyacetylene flame-hardened as are also frogs 
Although the Seaboard has not in- 
stalled oxyacetylene pressure-welded rail, the rails 


and crossings 


in the Jacksonville station are so welded. 

In order to keep within the time limits the discussion 
of the oxyacetylene processes used on the railroad 
will be confined to the application at the Jacksonville 
Shops. 


These shops are completely piped with acetylene 


W. D. Waldron, Welding Supervisor, Seaboard Air Line Railroad Co 
Jacksonville, F 
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Figure I 


and oxygen and there are approximately 275 station 
outlets for these gases. Acetylene is generated by two 
LP generators with a rated capacity of 1000 cu. ft 
per hour. Oxygen in the pipe lines at 60 lb. pressure 
originates from a liquid storage unit with a capacity 
of 90,000 cu. ft. All of the thousands of feet of piping 
carrying oxygen, acetylene and compressed air to all 
points within the shop is oxyacetylene welded. This 
pipe varies in size from '/, to 4! » in. made with wrinkle 
bends. 

In the shop where cars undergo heavy repairs many 
station outlets are erected above floor level like the 
one shown in Fig. 1. 
use between the car lines when no columns are available. 


This is a good arrangement to 


In this shop there are 145 stations and in a heavy 
period of work 90 blowpipes will be used. Some of 
these will be cutting blowpipes with which rivets are 
removed with the piercing nozzle, or defective metal 
eut out. 
building as a quick source of heat for bending and 


Many welding blowpipes are used in this 
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Figure 2 


straightening. Oxyacetylene welding is also of im- 
portance in some repairs that are made. 

Close to this car repair shop is a building housing an 
automatic shape-cutting machine which is used for 
preparing plate shapes for car repair work. It is also 
used for cutting slack washers, and follower blocks 

The railroad has many gondolas for handling phos- 
phate rock. The drop doors of these cars corrode 
badly and the replacements are taken care of by fabri- 
cated doors that are built in our shops. Figure 2 
shows the die-stamped plate being welded on one of 
four corners that are similarly treated. Prior to form- 
ing, each corner is manually flame-cut so that when 
welded the corners are neat and smooth. This is an 
example of where the heating of the welding blowpipe 
is used to heat a small section that the welder can ham- 


Figure 3 


Figure 4 
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Figure 3 


mer to a smooth curve prior to welding with steel rod 
using a No. 20 tip. Figure 3 shows that no after 
finishing is necessary on the resulting smooth weld 

Oxyacetylene welding is employed to repair cast 
steel freight car truck sides and some parts of couplers. 
Flame-gouging is used to remove steel in the damaged 
area before welding as illustrated in Fig. 4. Prior to 
welding a truck sideflame it is preheated to 600° F. 
You see here a gouge being quickly made in a crack 
that extends through about three quarters of the cross 
section. With the gouging nozzle the operator gets 
down to the bottom of the erack. A No. 19 nozzle 
was used with oxygen line pressure of 60 Ib. and low 
pressure pipe line acetylene 

The flame-gouged area now oxyacetylene welded 
using high-strength alloy rod is barely visible in Fig. 5 
Using oxyacetylene welding the worn bolster wearing 
surfaces are built up using a steel rod. There was also 
a repair made on a break in the hub side of the journal 
box. Brake hanger pin holes that wear over size are 
frequently built up, although in this frame this was 
not required. All of the acetylene repairs made to this 
frame required no after-machine. Following all re- 
pairs the frames are heated to 1550° F. and cooled in 
shop air. 

This shop also builds up the coupler parts shown in 
Fig. 6. At left is type “E”’ knuckle lock, center a type 
“DP” lift and at right an I1-in. knuckle. Before oxy- 
acetylene welding, using high-strength steel rod, the 
parts are heated to 1200° F. This speeds the welding 
and eliminates the need for postnormalizing. The 


Figure 6 
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Figure 7 


smooth deposit laid down by skilled operators eliminates 
need for after grinding. 

While making the pictures for this paper we came 
across this hand flame-cutting operation illustrated in 
Fig. 7, which in one way or another is routine in 
a large railroad shop. Because of the type of construc- 
tion, the worn slewing gear of a locomotive ditcher 
could not be pressed off. Using a No. 8 nozzle, 60 Ib. 
oxygen pressure and low pressure acetylene, the gear 
with a 7-in. hub was easily removed without damaging 
the axle. 

Brake heads, which hold brake shoes, are subject 
to heavy wear and are reclaimed in large volume. 
From left to right in Fig. 8 is shown brake head built up 
the same type prior to building up, a freight car brake 
head built up, the same type reclaimed. This leaves 
the brake head at the right and the small key in the 
foreground. The Diesel brake heads are steel and are 
bult up with high strength steel rod. Freight brake 
heads shown here are malleable and they are built-up 
with cast-iron rod to increase their wearing quality. 
The worn key which fits the head at the right is built up, 
as is also the “conventional’’ brake head at the right into 
which this fits. Following the building up of worn 


Figure 8 Figure lla 
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Figure 12 


surfaces, using a No. 60 tip, the heads are normalized 
at 1000° F. No machining of deposited metal is needed. 

The balance of this paper will be devoted to the 
fabrication or reclamation of Diesel locomotive parts 
by oxyacetylene or air-acetylene. Pi 

Let us first consider heating applications. The 
quick, clean, intense heat of the oxyacetylene blowpipe 
is being used in Fig. 9 to heat and expand this Diesel 
wheel dust guard so that it can be removed. The No. 
150 tip operating off piped supplies of gases produces 
enough heat so that a guard is removed in one minute. 
The same flame is used to expand dust guards so that 
they can be fitted on the axles. Six or eight guards 
are stacked up and the flame is played down two sides 
of the pile, and then they are quickly placed on to the 
axles one at a time. 


Figure 13 
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An expanding application is the flame-cutting of 
parts for Diesel brake rigging. In Fig. 10 a Diesel 
brake lever is being flame cut at 16 in. per minute 
from forged axle steel 1'/, in. thick using a No. 6 cut- 
ting nozzle. Producing parts such as this means major 
savings in Diesel replac»ment expenses. 

Application of the air-acetylene flame to reclaim and 
assemble Diesel components is important to the Sea- 
board. 

Shown in Fig. 11 is a traction motor coil lead to which 
will be soldered a lug using 50-50 solder, air-acetylene 
torch with a No. 4 tip. Traction motor leads shown in 
Fig. 11 (A) are similarly soldered and the volume of 
this work is large. 

The air-acetylene flame is used to solder main genera- 
tor commutator risers as illustrated in Fig. 12. Solder 
is 95% tin and 5% antimony for this application. The 
air-acetylene flame is also used to remove coil ends 
from risers preparatory to rewinding armatures. 

In work on Diesel oil and water coolers a light- 
weight oxyacetylene blowpipe with a No. 4 tip gives 
the required heat. This is an all-copper oil cooler 
element which frequently develops leaks, requiring 
the removal of old solder and resoldering. In Fig. 13 
the operator is shown laying a soft solder during the 
rebuilding of the cooler. 

Diesel truck equalizers of forged steel are subject 
Using a No. 80 
tip these worn areas are built up to surface with a 
deposit of steel rod varying from '/i. to '/: in. thick. 
The torch and a flatter are all that are needed to pro- 
duce a smooth ready-to-use finish as shown in Fig. 14. 

Going back to the electrical department again, Fig. 15 
shows an interesting application on Diesel brush 
The tension spring support shaft holes on 
these bronze parts wear out of round and to eliminate 
this condition we solidly weld up the holes and redrill. 


to heavy wear on the foot and corners 


holders. 


Figure 14 


Figure 15 


3 
| vi, 

2 

a Waldron—Railroad Welding 489 


Figure 17 


Figure 16 


The part at the left is in the as-welded condition and 


that at the right is redrilled ready for use. These 
} parts are often pitted and any such condition is taken 
care of by filling in with 95-5 solder using the oxy- 
acetvlene flame. 
i Here are some other interesting bronze-welding ap- 
' plications. Figure 16 shows a Diesel locomotive thrust 
end bearing that is reclaimed by oxyacetylene welding. 
The badly worn original cast bronze was melted out 
with the oxyacetylene flame and a new '/» in. deep de- 
posit was made with the torch and then the part was 
machined, making it equal to new. 
In Fig. 17 are cast-steel Diesel locomotive brake 
; friction arms that are rebuilt with appropriate bronze 
' rod. The center part and the one at the left are 
opposite sides of the friction arms used in freight 
locomotives, the part at right being for passenger loco- 


' motives. In the case of the latter a ' yin. layer of 

bronze is deposited and the part is machined to size. 

The freight locomotive parts, built up in two areas 

with about in. of suitable bronze, require no after 

finishing. 

i Traction motor suspension bearings, one of which 
you see in Fig. 18, wear down on the hub face and are 
reclaimed by building them up about '/, in. with bronze 
and then machining todimension. This particular type 
is for a freight locomotive. Those used on passenger 
locomotives are lined with a bearing metal. This 
metal is prevented from melting out during the welding 
on of the bronze by immersing the part in water up to a 
level that permits welding. 

The value of the oxyacetylene process in Diesel rec- 
lamation is illustrated by these two cast-iron com- 
pressor clutch sheaves shown in Fig. 19. The teeth 
in this part and also the center cupped hole became 
badly worn. They are machined out and the base 
metal is undercut about ', in. Next, they are pre- 
heated to 800° F. and the bronze welded deposit is 
made with the part in the furnace. Using a No. 60 tip, 
required type of bronze and flux, the built-up deposit 
is made with the part lying flat. The 1l- by 1'/.-in. 
deposit is made in ',-in. thick layers that are made 
progressively around the wheel like a cork serew. This Figure 20 
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A No. 60 
tip is used with oxygen and acetylene from the pipe 
lines. This part is 24 in. in diameter and the rim see- 
tion is about */, in. thick. Following welding the part 
cools in the furnace for three days. The wheel at the 
right is in the as-welded condition, and that at the left 
has the gear and center parts machined. 


method prevents the parts from warping. 


One of the most important Diesel locomotive parts 
reclaimed from the standpoint of savings in the cylinder 
head. Cylinder heads, regardless of type of loco- 
motive, are costly and the severe service they are sub- 
ject to brings about considerable maintenance. Figure 
20 shows how the valve seats and injector hole are 
built up on the Seaboard. Heads are first cleaned 
and then all worn and cracked areas are machined in 
preparation for welding. The head is placed in one of a 
battery of charcoal fired ovens and preheated to 1400°F. 
Carbon plugs in the valve seat openings and a steel 
disk in the injector hole hold the molten welding metal 
in the desired locations. Welding is done as shown 
here, using a No. 60 tip, ' <in. cast iron rod, oxygen 
at 40 Ib., and low-pressure acetylene. Cracks at stud 
holes are also welded. Following welding the furnace 
is closed up and the part is left to cool slowly over a 


three-day period. Hardness of deposited metal is about 


the same as the base metal and a minimum of trouble 
At the left 


has resulted from porosity or inclusions. 


Figure 21 


in Fig. 21 is a head as welded and at the right is the 
same type following one of the first machining opera- 
tions 

In conclusion, I would like to say that the Seaboard 
Air Line Railroad finds a wide scope for the oxy- 
In a paper of this length it is impos- 
sible either to describe in detail how the flame is used in 


acetylene flame. 


specific applications or all of the applications in the 
various shops and departments of the railroad. How- 
ever, I feel sure that the uses of the flame I have covered 
in this paper are standard and they reflect the othe: 
applications I have been unable to cover. 


Resistance- and Arc-Weld 


by B. E. Rossi 


HE Third Annual Welding Conference held in 
Detroit on April 16th, 17th and 18th under the 
joint sponsorship of the AMERICAN WELDING 
Society, The American Institute of Electrical 
Engineers and the Industrial Electrical Engineers 
Society of Detroit was highlighted by many informa- 
tive and timely technical papers on resistance and are 
welding. 
control, military specifications, instrumentation, power 


Among the many topics covered were quality 


supply for resistance-welding machines, resistance- 
welding problems, arc phenomena and arc-welding 
studies. 


B. E. Rossi is devoting part time to the duties of Assistant Editor to the 
Journar 


» Quality control, instrumentation, power supply, resistance 
welding, fundamental arc and arc welding were the general 
subjects discussed at Detroit on April l6th, 17th and 18th 


ind Conference 


QUALITY CONTROL 


The morning session on Wednesday, April 16th, 
was devoted to the problem of quality control as applied 
to resistance welding. 

“Elements of Quality Control in Spot Welding 
Aluminum for Aircraft’? was the subject of the first 
Its author, F. H. 
Seattle, Wash., 
pointed out that in the spot welding of aluminum for 


paper presented at the conference. 
Matthews, Boeing Airplane Co., 


aircraft, the degree of quality control is reflected directly 
in the product. Each stage of the process is easily 
adapted to certain types of control that simplify the 
prediction and analysis of difficulties. Also, quality 
control standards assure consistency of practices 
throughout various facilities. 

J. Maltz and N. E. Promisel of the Bureau of Aero- 
nautics, Navy Dept., presented a talk on ‘Military 
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Aeronautical Spot and Seam Welding Specifications.”’ 
The authors traced the development of military speci- 
fications governing the application of the spot- and 
seam-welding processes to military aircraft. They 
emphasized that it had been, and it is, the aim of the 
writers of these specifications to encourage the orderly 
growth of military spot welding from a limited usage 
in noncritical and nonstructural applications toward 
full structural application. At first, such growth 
had to be governed by controls and procedures which 
would assure the maximum consistency and optimum 
strength. Later, when a firm foundation had been 
provided, these controls had been eased in the interest 
of high production and simplified sampling. The 
authors also brought out in their discussion that, largely 
because of the need for additional design data, the 
use of seam welding for other than noncritical and non- 
structural applications is still very limited. 

“Industry’s Answer to ANW Specifications’ was 
the viewpoint expounded in the papers by F. L. Brandt, 
Thomson Electric Welder Co., Lynn, Mass. Mr. 
Brandt gave a detailed account of the latest develop- 
ments in resistance-welding machines intended to 
produce the highest quality welds. He remarked that, 
as part of these improvements, the machines are now 
getting larger and heavier in order to produce the 
greater welding forces required with satisfactory 
rigidity. 


INSTRUMENTATION 


Instrumentation for resistance welding was the theme 
_ of the papers presented at the Wednesday afternoon 
session. 

Reidar P. C. Rasmusen and Robert C. McMaster 
_ of Battelle Memorial Institute, Columbus, Ohio, spoke 
on the subject of ‘“Resistance-Welding Instrumentation 
_ Past, Present, and Future as Applied to Quality 
| Control.” They reviewed briefly the progress of re- 
sistance welding from the time of its invention and 
indicated the increasing role played by instrumentation 
in that progress. The authors also stressed the point 
that instrumentation should be a tool or a guide, rather 
than an absolute factor to be relied upon, in controlling 
the long list of empirical variables associated with 
resistance-welding quality control. In addition, they 
listed the variations in instrumentation that are useful 
under different conditions, with some of the limitations 
of each. 

“Instruments to Improve the Operation of Single- 
Phase and Three-Phase Resistance-Welding Machines” 
was the title of the paper presented by William R. 
Stern, The Brush Development Co., Cleveland, Ohio. 
The measurement of such welding variables as elec- 
trode force and welding current by means of amplifiers 
and direct writing magnetic oscillographs was dealt 
with in detail. Among other things, the author de- 
noted that the use of modified direct-writing oscillo- 
graph and amplifier allows the study of the sequential 
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firing of ignitron tubes employed in a three-phase 
welding machine. These oscillographs show 180 cycles 
per second trace of the firing of each ignitron bank and, 
thus, make possible the analysis of the operation of the 
welding machine. The use of instruments in the proper 
adjustment of the welding machine, the recording of the 
operation of a solenoid operated air valve and the meas- 
urement of “squeeze,” “hold” and “off” times were 
also covered by Mr. Stern. 

V. H. Kraybill and R. E. Young, Public Service 
Company of Northern Illinois, and M. Fisher, Jr., 
of the University of Illinois, gave the next paper. 
Entitled ‘“New Devices for Measurement of Welder 
Voltage Drops on a Power System,” this paper provided 
a description of unique methods for measuring small 
voltage variations of the order of 2% and less; also, it 
discussed the development of a new instrument for 
analysis of the voltage fluctuations caused by the 
low-frequency type welders. 

“Spot-Weld Monitoring by Resistance Change” 
was the problem undertaken by Herbert D. Van Sciver, 
The Budd Co., Philadelphia, Pa. The author reported 
that, while searching for a means of nondestructively 
determining the quality of a spot weld, it had been 
discovered that if the highest resistance across the 
electrodes be taken as a reference, then the percentage 
drop in resistance may be taken as a function of weld 
development. He also brought out that a statistical 
study involving ranges of current, time, electrode 
force, metal thickness and electrode wear had confirmed 
the theory that the changing resistance is a predictable 
function of weld size. 

The study covered in the next paper, ‘Electronic 
Control for Monitoring the Resistance Change During 
a Spot Weld,” was directly associated to the investi- 
gation described by Mr. Van Sciver. The authors, 
S. S. Barnhart and W. B. Hills, General Electric 
Co., Schenectady, N. Y., outlined the development 
of this control and explained that the instrument meas- 
ures the instantaneous resistance between the spot- 
welding electrodes by dividing voltage across the elec- 
trode tips by the welding current flowing through them. 
After the inital resistance variations subside, a reference 
resistance is set up. When the resistance falls a preset 
percentage of this reference value, the welding current 
is stopped. Suitable lights indicate if the preset 
resistance change occurs before the minimum weld- 
time setting, between minimum and maximum or 
after the maximum weld-time setting; that is, the 
monitor shows whether the change occurs within the 
acceptable range of time. 


POWER SUPPLY FOR RESISTANCE-WELDING 
MACHINES 


A symposium on power supply for resistance-welding 
machines was held on Thursday morning, April 17th. 
The discussion was opened by E. L. Bailey, Chrysler 
Motor Co., Detroit, Mich., who stated that the scope 
of this session was to direct attention to the special 
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electrical features involved in satisfactory resistance 
welder installations, so that the full analysis developed 
for a welding project could be readily understood 
and utilized. 

Following Mr. Bailey’s introductory remarks, W. G. 
Bostwick, Precision Welder and Machinery Co., 
Cincinnati, Ohio, vresented a paper on “Resistance 
Welding Machines—Their Rating and Characteristics 
of Their Load.” This paper treated such electrical 
aspects of resistance welders as impedance, secondary 
volts and short circuit and welding current, as well as 
kva. demand, duration, power factor and duty cycle 
of resistance welder load. 

“The Power Company’s Supply System” was the 
topic discussed by H. W. Tietze, Public Service Electric 
and Gas Company of New Jersey. Mr. Tietze out- 
lined the methods of analysis and design which must 
be considered by the utility in providing adequate 
service to the resistance-welding machine without 
interference to others. The service to a_ welding 
machine, he stated, is a problem of economics, involv- 


ing not only the considerations on the customer’s 
side of the meter, but also the utility investment and 
adequate compensation for the services rendered. 

W. K. Boice, General Electric Co., New Haven, 
Conn., brought to the fore the problems of the industrial 
user of power who must provide power distribution 
equipment within his plant to supply resistance welders. 
The title of his paper was “Information for Power 
Users,”’ and the subject matter covered methods for 
estimating the input to welders, procedures for calcu- 
lating voltage drop, problem of light flicker, problem of 
providing adequate voltage for good welds and methods 
for calculating required current carrying capacities. 
Mr. Boice also gave an explanation of the several types 
of capacitor applications and made certain suggestions 
for selecting the type of distribution system, feeder 
circuits and protective equipment 

“Typical Installations” of resistance welders were 
described and evaluated by C. E. Pflug, Nash Kelvina- 
tor Co., Kenosha, Wis. 


RESISTANCE WELDING 


The resistance-welding process was the theme of the 
speakers at the Thursday afternoon session. 

I. W. Johnson, General Electric Co., Schenectady, 
N. Y., spoke on “Up and Down Slope in Spot Welding.”’ 
He reported that, on the basis of actual qualifying tests 
performed on several alloys such as 24ST aluminum 
alloy, 347 stainless steel and two chrome steels, “up 
and down slope control”? makes it possible to obtain 
the best spot welds with the simple, low-cost, single- 
phase equipment. This control regulates not only 
the start of the current, but also the decay of the cur- 
rent at the finish of the weld. 

“Comparison of Frequency Changer Circuits’ was 
the subject of the paper by H. V. Nelson, General 
Electric Co. Schenectady, N. Y. 

“A New Method of Controlling Platen-Displacement 


vs. Time During Flash Welding” was described by 
Ek. E. Moyer and W. F. Savage, Rensselaer Polytech- 
nie Institute, Troy, N. Y. They indicated that a 
study of the flash welding characteristics of various 
materials carried forward at R.P.I., had resulted in the 
development of a new and improved method of con- 
trolling platen-displacement vs. time. Specifically, 
the authors said, an all-electronic system of controlling 
the platen velocity was designed, constructed and 
applied to an existing welder. Using this system, 
they were able to duplicate flashing patterns with 
an error of less than 2% of the calibrated values on 
the control dials. In the course of a year’s operation, 
during which the equipment was operated on the 
average of about four hours per day, no maintenance 
had been necessary and the original calibrations 
still held. 

J. R. Fullerton, Ryan Aeronautical Co., San Diego, 
the last speaker of the day, concerned himself with 
“Problems and Equipment in Aircraft Spot Welding.” 
He commented that, in today’s modern aircraft or 
component plant, it is quite common to see resistance- 
welding equipment which varies in size from small 
simple tack-welding equipment to large complex, three- 
phase machines capable of making crack-free structural 
welds in aluminum alloys of 0.125 in. in thickness or 
heavier. Mr. Fullerton also made the point that, since 
the materials joined by spot and seam welding vary 
widely in composition and characteristics, it is neces- 
sary that modern resistance-welding equipment be 
quite versatile and incorporate some or all of the acces- 
sory equipment available. Each alloy presents its 
own particular welding problems which may justify 
or demand special equipment or accessories. 


FUNDAMENTAL ARC 


Four papers on fundamental arc-welding investi- 
gations were delivered at the morning session held 
on Friday, April 18th. 

T. B. Jones and Merrill Skolink, Johns Hopkins 
University, Baltimore, Md., were the authors of the 
first paper. Their topic was “Characteristics of the 
Tungsten Are in Argon-Helium Mixtures.” They 
related that the d.-c. tungsten are in argon-helium 
mixtures at atmospheric pressures had been investi- 
gated under controlled laboratory conditions. The 
electrodes used in this investigation were '/,-in. diam- 
eter tungsten rods and the current range covered 
was 10-100 amp. Mixtures over the complete range 
from 100% argon to 100% helium were studied and it 
was found that, for all mixtures, the presence of each 
gas was manifested by its effect on the electrical per- 
formance and appearance of the arc. However, the 
influence of the argon was dominant and, for mixtures 
containing 15% or more of argon, the characteristics 
of the are were more nearly those of the pure argon are. 
The decrease in are voltage from 0 to 15% argon was 
as great as the decrease in voltage from 15 to 100% 
argon. 
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“The Hissing Are and Radio Frequency Oscillations” 
was the problem discussed by Bernard List, Battelle 
Memorial Institute, Columbus, Ohio, in cooperation 
with T. B. Jones, Johns Hopkin’s University, Baltimore, 
Md. 

R. J. Krieger, Ohio State University, Columbus, 
Ohio, talked on “High-Speed Photograpby—A Tech- 
nique for Are Research.” Discussing the technique 
used in a study made at the University, Mr. Krieger 
reported that a specially designed, electronically con- 
trolled, welding head had been placed in a partially 
shielded framework to facilitate the taking of high- 
speed motion pictures of the are, from close range, 
through a small opening in the shield. Preliminary 
work has indicated, he added, that high-speed photog- 
raphy should be a very useful tool in welding arc 
research. 

A paper on “Some New Instruments to Aid in the 
Study of the Welding Are’”’ was presented by L. P. 
Winsor, Rensselaer Polytechnic Institute. The author 
gave a description of two new instruments designed 
to aid the study of are stability. For the d.-c. are, a 
“rms. voltage deviation meter” had been modified 

’ to include a high-pass filter in the input circuit, thus 
providing a tool for the study of the frequency distri- 
bution of the fluctuating component of the arc voltage. 
For the a.-c. welding arc, an electronic instrument 
had been built to measure the proportion of reignition 
peaks exceeding any assigned value; thereby supplying 

} a means for making a statistical study of the reignition 

voltage. Mr. Winsor advised, further, that both in- 
struments have now been developed to the bread 

p board stage and that measurements have been made for 
several types of welding electrodes as a function of 

} both are current and are length. 


ARC WELDING 


The general subject considered at the last technical 
; session of the Conference, Friday afternoon, dealt 
Pwith are welding. 

The opening paper was entitled “Oscillographic 


Studies of the Shielded Inert-Gas-Metal-Are Welding 
Process.” Its author, R. W. Tuthill, General Elec- 
tric Co., Fitchburg, Mass., discussed the arc-voltage, 
are-current and machine-voltage characteristics during 
welding with the inert-are process on different metals 
with different shielding gases. He pointed out that 
these characteristics show that a critical voltage range 
exists for each wire, for each current that may be used 
on the wire. Above this critical voltage, arcing and 
welding characteristics are radically different from the 
characteristics prevailing below the critical voltage. 
Mr. Tuthill concluded his presentation by making a 
number of recommendations on those conditions of 
welding which will produce optimum results. 

C. R. Dixon and P. B. Dickerson, Aluminum Com- 
pany of America, New Kensington, Pa., spoke on ‘Are- 
Welding Process for Making Electrical Connections 
Between Small Aluminum Wires.” They stated that 
there is now available special arc-welding equipment 
which can be used to fuse the ends of twisted pigtails 
joining aluminum conductors. 
is necessary to make these wire joints, other than to 


No surface preparation 


remove the insulation so that a good ground connection 
can be made. The weld is effected by striking an are 
between the wire and a carbon electrode. No flux 
or protective atmosphere is used. 

“Power Supply for Three Phase Tandem Are Welding” 
was the paper presented by Norman Schreiner, Linde 
Air Products Co. N. Y. 

The final paper of the session was presented by E. 
Steinert, Westinghouse Electric Co., Pittsburgh, Pa. 
His subject was “Rectifier Welders.”’ 


As a whole, the papers presented at the Third Annual 
Welding Conference have contributed much needed 
information to our present knowledge of the resistance- 
and are-welding processes. The authors and co- 
authors, as well as the sponsors of the conference, are 
to be commended for a job well done. 
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(Jan. 1952), pp. 26-27. 

Oxygen Cutting Machines. Armor Casting Searfer. Welding 
Engr., vol. 37, no. 2 (Feb. 1952), p. 44. 
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Plant 


by J. F. Brinley 


NTICIPATING the rapidly expanding needs of 

the Southwest’s roaring industrial development, 

the Houston Oxygen Co. rece tly put in opera- 

tion its new million-dollar plant for the production 
of pure liquid oxygen and liquid nitrogen, and pure 
oxygen, nitrogen and argon gases. 

Simultaneously, meters started ticking on the world’s 
first pipe line to supply multiple industrial customers 
with pure, dry oxygen gas 

Surprisingly few individuals realize the many and 
complicated processes required to convert tremendous 
quantities of ordinary air into a comparatively few 
drops of liquid oxygen and liquid nitrogen. Yet from 
these liquids are derived the large quantities of pure 
gases—oxygen, nitrogen, argon, etc.—so necessary to 
an amazing array of industries, so vital to the national 
defense effort. 

For these liquids and gases play an important role 
in many phases of petroleum drilling, production, 
refining and transportation; steel and other metals 
manufacture and fabrication; chemicals production; 
medicine and surgery; science and research; shipbuild- 
ing and shipping; fire-fighting; aviation; war equip- 
ment; and the manufacture of countless products essen- 
tial to our national economy 

This plant’s engineers tell you “The whole thing is 
really very simple—primarily involving the processes 
of compression, expansion, condensation, distillation 
and evaporation.” 

But anyone fortunate enough to tour the plant soon 
learns that is a masterful understatement of fact. For 
there is ample evidence of many another complicated 
process employed here—not to mention the engineering 
secrets quite obviously concealed within the. steel 
columns and other apparatus used. 

It is undoubtedly true that the oxygen industry 
utilizes the world’s only free raw product—air. It is 
equally true that the end products made trom this 
atmospheric air are quite astounding. 

For example, consider liquid oxygen, which relatively 


J. F. Brinley heads the J. F. Brinley Advertising Agency Services, Bellaire 
Texas 


New Million Dollar Liquid Oxygen/\itrogen 


§ Houston Oxygen Co. builds modern producer of pure oxygen, nitrogen, argon 


few persons have ever seen. It bubbles and looks 
like boiling water, is odorless, crystal-clear and slightly 
bluish in color. It pours like water, but is strongly 
magnetic and in this respect somewhat resembles the 
action of mercury. The temperature of liquid oxygen, 
as drawn from final processing, is —183° C. (that is 
a mere 329° F. below the freezing point of water!) and 
it rapidly and constantly evaporates, giving off a 
steamlike vapor. Liquid oxygen cannot be stored or 
carried in a sealed vessel because the creation of vapor 
is continuous and it would, if confined, quickly build up 
a pressure and cause a violent and dangerous explosion. 
It is stored in heavily insulated tanks to resist tempera- 
ture loss and consequent evaporation 

Liquid nitrogen is as colorless as water, but otherwise 
looks and acts very much like liquid oxygen. Its 
temperature, as drawn from final processing is — 196° C 
and it must be handled similarly to liquid oxygen. 


AIR—THE SOLE RAW PRODUCT 


But some of the processing can be told, and perhaps 
somewhat clarified by reference to the Simplified Flow 
Chart; which, incidentally, eliminates at least 75°; 
of this “simple” operation! 

First, air is filtered and taken from the atmosphere 
by the first stage of the 5-stage compressor battery, 
and here it is compressed to 30 psi. Thence the air is 
sent through dual Scrubber Towers (located outside of 
the building and operated with dual lyepumps); from 
which it is delivered to the second compressor stage, 
where it is further compressed to 115 psi 

Next, this air goes to the third compressor stage. 
where it iscompressed to 400 psi.; followed by the fourth 
stage compression to 840 psi. And finally the fifth 
stage turns the air out at 2350 psi. After the air 
leaves each compressor stage, it is cooled as it passes 
through a heat-exchanger before going to the next 
stage ... this whole compression process being done in 
series, step-after-step. 


MOISTURE REMOVED AND AIR COOLED 


Now this air under 2350 psi. goes to a cold dryer, 
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where the moisture in the air is frozen off under a tem- 
perature of —35° C. The cold dryer also serves other 
purposes in the latter stages of processing, as will be seen 
later. The cooled air leaves this cold dryer divided into 
two separate parts, which could be identified as Part A 
(comprising about one-third of the volume) and Part B 
(comprising the balance). 

Part A of the air is then passed through a heat-ex- 
changer and cooled to —150° C.; thence it passes to a 
liquefying exchanger where it is cooled to —175° C. 
Next, this part of the air (still under 2350 psi. pressure) 
passes through an expansion valve, where it is expanded 
to 75 psi. just before the line enters the rectification 
column. And it is this terrific expansion which con- 
verts a high percentage of the Part A air to a liquid. 
Both the liquid air and the remainder of gaseous air 
then flow into the rectification column. 


EXPANSION ENGINE A KEY FACTOR 


Back-tracking for a moment to the cold dryer, the 
other Part B air, comprising about two-thirds of the 
original air volume, also leaves the cold dryer at —35° C. 
Still under 2350 psi., it goes to a high-pressure expan- 
sion engine. Here the pressure is expanded to 75 psi. 
which lowers its temperature to —165° C. This air 
now passes through dual filters to remove any trace of 
oil picked up from the expansion engine, since oil traces 
would be highly dangerous in later processing. 

This Part B air is then delivered to the same liquefy- 
_ ing exchanger through which the Part A air travels; 
but Part B air is kept entirely separate from the Part A 
air, so they in no way co-mingle within the liquefying 
exchanger. The Part B air from the expansion engine 
is cooled further to — 175° C. in the liquefying exchanger 
’ and then it also, but separately, enters the rectification 
' column. So now we have all of the compressed air, 
' Parts A and B—some as liquid air and some as gaseous 
air—in the rectification column. 

We learn from the engineers that the expansion engine 
used in the Houston Oxygen Co. process, is especially 
important . . .that it is one of the key points for making 
liquid oxygen in volume production with the high 
efficiency here attained. As a by-product of this expan- 
sion engine——which is powered by the force of the high- 
pressure air as it expands in the engine—its flywheel 
utilizes a belt to drive an electric generator, which 
in turn supplies part of the plant’s power and lighting 
requirements. 


RECTIFICATION COLUMN 


The rectification column functions primarily as a 
double column, the lower portion being termed the 
first rectification column, and the upper portion being 
called the second rectification column. The column 
contains a gel-absorber to trap and remove any trace of 
acetylene gas with which the original air from the atmos- 
phere might be contaminated. Thus the column is 
made safe against explosion. The rectification column 
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Fig. 1 At left is the base of the rectification column: and 
at right the expansion engine which plays such an im- 
portant role in efficient volume production of pure, dry 


oxygen and nitrogen and argon gases at Houston Oxygen 
Co.'s new plant. In — center is the crude argon 
lloon 


also contains three other separate rectification systems 
and many additional units employed in the various 
refining processes. 

Both parts of the air, as above traced, enter the 
first (lower) rectification column. Here, rectification 
starts, and by a series of distillations the liquid air is 
separated into crude liquid oxygen and crude liquid 
nitrogen. 

Each of these crude liquids is then expanded from 75 
to 6 psi. and both enter the second (upper) rectification 
column, where pure rectification takes place. This 
results in (1) a 99.7% pure liquid oxygen (with a tem- 
perature of —183° C.), (2) a highly refined oxygen gas 
and (3) a “nearly pure” nitrogen gas in the second 
rectification column. 


NITROGEN HIGHLY REFINED 


This nitrogen gas is taken off and transferred to 
another rectification column within the main column 
structure. Here 99.9°% pure nitrogen gas and 99.95°7 
pure liquid nitrogen are produced; with the nitrogen 
gas being returned to the cold dryer unit before passing 
on to a nitrogen gas holder; and the pure liquid nitro- 
gen being drawn off (with a temperature of — 196° C.) 
and stored in thermos flasks for delivery to laboratories 
for testing purposes, research, etc. 


ARGON GAS PRODUCTION 
A portion of the highly refined oxygen gas is drawn 
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off the second rectification column and transferred to 
another rectification column within the main column 
structure. Here it is liquefied by a condenser and sepa- 
rated into oxygen gas and crude argon gas, the latter 
being stored in a large argon balloon suspended under 
the roof of the building. This crude argon gas is 
then returned to still another rectification system within 
the main column structure, where it is highly purified 
(to 99.9% purity) before being returned through the 
cold dryer unit and passing on to a pure argon gas 
holder. The crude argon gas residue, is also returned 
to the cold dryer and then discharged to atmosphere 
as waste. 

Returning again to the second recti- 
fication column, the dry oxygen gas 
left from processing here is drawn off 
and returned to the cold dryer unit, 
where it is more highly refined to 
99.7% purity before passing on to a 
pure oxygen gas holder. 


LIQUID OXYGEN AND 
OXYGEN GAS 
From the second rectification col- 
umn, the liquid oxygen is also drawn 
off and transferred to two liquid oxy- 
gen storage tanks. Each of these 
tanks holds the liquid equivalent of 
1,000,000 cu. ft. of oxygen gas. 
This liquid oxygen in the two stor- 
age tanks is the main source from 
which volume production of oxygen py, 9 
gas is produced. From these tanks 
the liquid oxygen is pumped under 
2200 psi. to two evaporator heaters 


and oxygen gas manifolds. 


cators, Inc. (manufacturers of heat exchangers, coolers, 
reboilers, condensers and other heat transfer and pres- 
sure equipment), the Southwest Plate Division of 
Southwest Steel Products (fabricators of steel storage 
tanks, pressure vessels, etc.), Nowery J. Smith Co. 


(galvanizing, electroplating, steel bolts, etc.), Tyson 
Smith Co. (makers of steel tanks, heaters, separators, 
treaters, etc.) and Wyatt Metal & Boiler Works (steel 
plate fabricators and erectors). 

The pipe line is laid almost to the intersection of 
Hempstead and Katy Rds., and rights-of-way have been 
granted to extend it another four miles due west along 


it left are seen two liquid oxygen storage tanks, and in front of each a 
liquid oxygen mp. At right, one of the cylinder filling stations 

larper Avis, in white shirt, is plant superintendent 
Sor Houston Oxygen Co. 


which convert the liquid oxygen to 
large volumes of dry oxygen gas. 
Part of this is conveyed to gas mani- 
folds at the cylinder filling stations, 
where the familiar steel oxygen cylin- 
ders are charged with 99.7% pure 
oxygen gas under 2200 psi. pressure 

ready for delivery to small indus- 
trial and medical users of oxygen. 


OXYGEN PIPE LINE 


Part of the dry oxygen gas pro- 
duced here feeds the new industrial 
oxygen pipeline which has just been 
placed in service. 

From Houston Oxygen Co.’s new 
plant, located on W. 11th St. in the 
western section of Houston, the 3 in. 
oxygen pipe line runs southeast and 
already supplies many large plants. 
Among others supplied, in the order 
of their location on the pipe line, are 


SIMPLIFIES FLOW CHART 
OXYGEN NITROGEN ARGON ANT 
HOUSTON CXYGEN COmPanY 
HOUSTON, TEXAS 


the large plants of Engineers & Fabri- 
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Katy Rd. to supply many other industrial oxygen users 
in that area. 

Houston Oxygen’s general manager, Al Herzstein, 
who is also Secretary and Treasurer of the company, 
said, “Our new plant is strategically situated to run 
additional pipe lines in various directions to supply the 
other fast developing industrial areas in this section of 
Houston. 

“This pipe line was tested under 200 psi. pressure, 
but it is operated under 100 psi. only. So there is an 
exceptionally high margin of safety. We deliver dry 
oxygen gas of 99.5% or better purity to our customers, 
each of whom has a meter for measuring their consump- 
tion. So you see it is really like a fuel-gas line in opera- 
tion.’ 

Stupendous quantities of pure oxygen gas are used 
for welding and cutting metals; for steel making and 
fabricating; by hospitals and doctors for respiration, 
oxygen tents, ete.; by the air corps for flyers in high 
altitudes; by ordnance depots in making guided missiles 
and certain types of bombs; by commercial airliners for 
pressur_zing cabins flying high altitudes; and an amazing 
number of other applications which the average person 
seldom thinks about. 


BETTER SERVICE FOR LARGE OXYGEN 
USERS 
A. K. (Al) Smith, genial President of Houston 
Oxygen Co., commented, “the economical advantages 
of installing central system oxygen and acetylene lines, 
within industrial plants using welding and cutting opera- 
When the 


usual individual cylinders need no longer be handled, 


tions, are yet to be utilized in full measure. 


regulators and hoses no longer switched from empty to 
full cylinders, and lost production due to such delays 
no longer suffered—these savings in labor costs: alone 
will represent a direct and sizable contribution to any 
profits, without 
greatly reduced hazard factors. 


customer’s even considering the 
Our increased and 
modern facilities now bring such improvements within 
easy reach of industries in the areas we serve.” 

The use of such central system oxygen and acetylene 
lines within industrial plants will be greatly increased 
by this company’s new facilities for providing customers 
(not served by their pipe lines) with large banks of as 
many as 50 permanently placed tubes, each 20 ft. long, 
for the storage of oxygen. Heretofore, smaller storage 
banks were mounted on large, flat trailer-trucks; and 
when these emptied, they had to be towed back to the 
oxygen plant for refilling, meantime being replaced by 
similar equipment. 


LIQUID OXYGEN TRANSPORTATION 
Cyrus K. Rickel, Vice-President of the company, 
explained, ‘We are now completing the building of a 
fleet of specially constructed tank trucks to carry 
liquid oxygen under atmospheric pressure right out to 

the customer’s permanently placed storage bank. 
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Fig. 4 In the center is the main instrument and control 

panel, and back of it is the base of the rectification column. 

it left, Harper Avis, plant superintendent, checks liquid 

nitrogen flowing into the thermos flask on floor. Partially 

seen at extreme left are the cold dryer unit and its control 
panel 


rhen, without interruption to the customer's pro- 
duction requirements, one of our liquid oxygen trucks 
will tie a feed line into the customer’s storage bank, 
and by using an evaporator and pump to convert the 
liquid oxygen into dry oxygen gas right on the truck, 
the customer’s storage bank of tubes will be refilled. 
One such truck will carry a load of liquid oxygen equiva- 
lent to what it formerly required eight trucks to supply 
in oxygen gas. Yes sir, no interruption to the customer’s 
production requirements, and no more hauling of empty 
evlinders or tubes back to the plant!” 

These trucks are intended, of course, to supply only 
large industrial users of oxygen, and the first three of 
them are nearly completed. One truck will carry suffi- 
cient liquid oxygen to provide 90,000 cu. ft. of gas; the 
second will carry the equivalent of 150,000 cu. ft. of 
gas; and the third, a trailer unit, will carry the amazing 
equivalent of 280,000 cu. ft. of oxygen gas. This is 
American industrial ingenuity working in high gear 
with a liberal dash of Texas know-how for good measure! 

These liquid oxygen trucks will be used also to supply 
large and moderate-sized users of industrial oxygen, 
~ach of which are already—or soon will be-—set up 
with a liquid oxygen storage tank and a converter unit 
to generate dry oxygen gas right on their own premises, 
for use as needed. With only a moderate-sized liquid 
oxygen storage tank, a plant so equipped is assured of 
ample and uninterrupted oxygen supplies at all times. 
Thus, large batteries of steel cylinders or tubes other- 
wise required are eliminated. In view of the present 
critical demands for steel, this is a direct contribution 
to the national defense effort. 
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NITROGEN GAS DEMANDS 


Harry K. Smith, a director of the Houston Oxygen 
Co. and active in its management, explained, “Our 
new plant gives us ample production of high-purity 
nitrogen gas, heretofore in short supply at times. By 
using this inert gas to purge oxygen from pipe lines, 
tanks and ships carrying butane, gasoline, oil, chemicals, 
etc., the danger of explosion is minimized. This use 
is increasing every day. 

“Large quantities of nitrogen gas are also used 
fire-fighting, and in the manufacture of fire extinguishers 
of certain types. This inert gas actually smothers 
flames by preventing oxygen in the air from reaching 
the fire. It is also used as a shield against fire and explo- 
sion of chemicals due to decomposition in storage 
or while being processed. 

“And it may surprise some to learn that nitrogen gas 
is now used to prevent rust and rot in the storage of 
iron and steel products, eggs—-yes, that’s right, eggs 


and many other items. These uses, plus its use also 
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in the manufacture of electric light bulbs, radio and 
television tubes, X-ray lamps, ete.—in addition to its 
extensive use in laboratory processes, testing and re- 
search—comprise a tremendous demand for pure nitro- 
gen gas that must be supplied without interruption.” 


ARGON GAS USES 


In answer to a question regarding the uses of argon 
gas, Mr. Herzstein replied, 
used in the welding of aluminum, copper, brass, tombac 
alloys, magnesium, stainless steel, and also in welding 


“Argon gas is extensively 


cast-iron and ordinary steels under certain conditions. 

“Argon also is mixed with other gases for filling 
electric incandescent lamps as well as neon and fluores- 
cent tubes, to obtain greater lighting brilliance and to 


greatly prolong service life. As far as we know, there 


are but three other producers of pure argon in the coun- 
try from whom it can be purchased—none in the South- 
west. So our new plant makes an important contribu- 


” 


tion in this respect too! 
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Replacing Worn Plow Share Points 


by L. M. Smith 


HEN a plow share point becomes worn so that the 

share no longer cuts the earth easily, it’s time 
either to replace the share with a new one or to re- 

point the old share. A share can be repointed 

very satisfactorily using oxyacetylene welding and cut- 
ting equipment. The worn tip of the share is cut off us- 
Ying a cutting attachment or cutting blowpipe and a re- 
‘placement tip is welded in place. Replacement tips 
can be obtained from welding suppliers and farm imple- 


‘L. M. Smith is connected with the Linde ‘Air Products Company, 
Milwaukee, Wis. 


Fig. | The worn point of a plow share is shown here. 
Chalk-line marks the line of cut. Use cutting blowpipe 
or attachment for cutting 


Fig. 3 Next, a bevel cut is made to prepare the share for 


welding. A corresponding bevel cut is made on the new 
point 
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ment dealers. Repointing is actually a far more econom- 
ical practice than replacing the share outright. In fact, 
four shares can be repointed for the cost of one new share. 

To do the cutting, use the usual method for cutting 
steel. Either a cutting blowpipe or a cutting attach- 
ment for a welding blowpipe will do the job. Be sure to 
use the correct size nozzle and oxygen and acetylene 
pressures. See the instruction booklet that comes with 
your apparatus for this information. For best results, 
keep the ends of the pale blue core of the preheating 
flame about '/is in. away from the metal. When a spot 
under the flames starts to melt, open the cutting-oxygen 
lever by slowly pressing down on the lever. As soon as 


Fig. 2 With the cutting attachment the worn point is 
cut from the share. Follow the usual method for cutting 
steel 


Fig. 4 The share with the new point is shown here prior 
to welding. Note how the bevel widens toward the bottom 
of the share 
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Fig. 5 Steel rod is used to weld on the new point. Be 

sure to melt the metal in the vee so that it forms a puddle 

with the molten welding rod. On extremely thick shares, 
a double bevel is recommended 


cutting starts, press the cutting lever all the way down. 
When the cut has gone all the way through, tilt the noz- 


Fig. 6 
like this. 
worn flush with the share face. 


zle forward, a little bit in the direction of cutting. 
fusion welding to join the new point to the shave. 


ifter wire-brushing, the completed weld will look 
In time the raised surface of the weld will be 
The point can also be hard- 
faced for long life 


Use 


Sturdy, Lightweight Aluminum 
Gates and Ramps for Stock- 
vards Are Heliare Welded 


IGHTWEIGHT equipment that will stand heavy- 

duty service is a crying need for the stockyard. 

Aluminum gates and ramps have helped solve the 

twofold problem of providing equipment that is 
-asy to move, but sturdy enough for long-term service 
with minimum repairs. 

In the accompanying photographs, the aluminum 
gates and the portable cattle ramp have been fabri- 
eated of aluminum by Heliare welding at the Pioneer 
Iron Works, Sioux City, Iowa. Heliare welding 
equipment was provided by Linde Air Products 
Co., a Division of Union Carbide and Carbon Corp. 


Fig.1 This aluminum gate for use in stockyards, has been 
abricated by Heliarc welding at the Pioneer Iron Works, 
Sioux City, 
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Fig. 2 


Here the lightweight aluminum gates are in stock- 
yard service 


Fig. 3 


moved from one location to another. 
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This portable aluminum cattle ramp can be easily 
It was also fabricated 
by Heliare welding 
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activities 
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related events 


National Metal Exposition & 
Congress 
Philadelphia—October 20th to 
24th 


The National Metal Exposition for '52 
is sold out! 
Right to the last square foot of floor 
space originally laid out—and there's a 
™ growing list of unhappy firms who have 
Ppreviously exhibited waiting for a 
Pbreak’’—for a chance to grab off space 
Bomebody might not need. The show 
Management is now checking over the 
Philadelphia Convention Halls and an 
Additional exhibit area is being planned. 
Weeks ago the Big Show was being 
Barassed and crowded for space. The 
‘mand for space began early, refused to 
per off, kept on building up until a new 
cord for early sell-out was established. 


Third Meeting of Board of 
Directors 1951-52 Year 


The Board of Directors of the AMERICAN 
ELDING Society met in Parlor B, Hotel 
aypool, Indianapolis, Ind., on Monday, 
ar. 31, 1952, at 9:30 A.M., with the 
lowing present: 
Members: Jennings, Chairman, F. 
Plummer, E, R. Seabloom, E. N. 

lams, L. C. Bibber, T. J. Crawford, J. 

. Durham, O. B. J. Fraser, R. 8. Green, 

Motte Grover, T. B. Jefferson, H. E. 

w«kefeller, M.S. Shane, J. R. Stitt and 

©. Williams. 

Staff: J. G. Magrath, Secretary, F. J. 
Mooney, Assistant Secretary, and Techni- 
eal Secretary 8. A. Greenberg (in part). 

Guests: G. O. Hoghind, Chairman, 
National Program Committee; T. 
Fetherston and G, Van Alstyne, Members, 
Special Committee on Annual Meeting; 
and R. Yarbo, Vice-Chairman, Louisville 
Section. The following members of the 
Board of Directors of [AA were present to 
11:15 A.M.: J. W. Dunham, President; 
L. W. Hench, Vice-President; H. F. 
Reinhard, Secretary; E. V. David, Treas- 
urer; W. A. Brown, Jr., E. A. Daniels, 
A. J. Fausek, J. J. Lincoln, Jr., A. Lot, 
C. F. Smith, R. B. Swope. F. Fetherston, 
Secretary-Treasurer of the Compressed 
Gas Assn. 


Call to Order 


The meeting was called to order at 9:35 
A.M. by Chairman C. H. Jennings who 
presided throughout the meeting. 


Announcement 


The Chairman announced that starting 
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at 10:00 A.M the Board of Directors 
would hold a joint meeting with the 
Officers and Directors of the International 
Acetylene Assn. for discussion on collabo- 
ration of the two organizations in an 
activity in the spring of 1953 in southwest 
U.S. 


Membership Classification Chairman 


Chairman Jennings recommended to the 
Board of Directors approval of appoint- 
ment of ©. B. J. Fraser as Chairman of 
the Special Committee on Membership 
Classification, to replace J. B. Tinnon who 
resigned due to poor health. 

Action: Upon motion, duly seconced, 
the Board of Directors so approved. 


Renewal of WRC Contract 


Tue Journat Committee 
recommended to the Board of Directors 
approval of renewal of the present agree- 
ment with the Welding Research Council 
for the publication of the Welding Re- 
search Supplement, such renewal to cover 
the vears 1952 and 1953. 

Action: Upon motion, duly seconded, 
the Board of Directors approved renewal 
of present agreement with the Welding 
Research Council for publication of the 
Welding Research Supplement, covering the 
vears 1953 and 1954. 


TAC Recommendations 


The Technical Activities Committee of 
the Sociery recommended the following 
items for Board of Directors’ approval: 

(a) Appointment of 8S. A. Greenberg, 
AWS Technical Secretarv, to serve as 
AWS Representative on ASA Sectional 
Committee Z48—Marking Compressed 
Gas Cylinders and ASA Sectional Com- 
mittee A1l3--Identification of Piping Sys- 
tems. 

Action: Upon motion, duly seconded, 
the Board so approved. 

(b) That Rules for Welding Piping in 
Marine Construction-Ferritic Alloy Steels 
be approved for publication as a tentative 
standard of the Soctery. 

Action: Upon motion, duly seconded, 
the Board so approved. 

(c) The adoption of the revisions to the 
Standard Rules for Field Welding of Steel 
Storage Tanks to be incorporated in a 1952 
edition of this standard and published as a 
full standard of the Socrery. 

Action: Upon motion, duly seconded, 
the Board so approved. 

(d) Proposed revisions to AWS-AWWA 
Standard Specifications for Elevated Steel 
Water Tanks, Standpipes and Reservoirs. 

Action: Upon motion, duly seconded, the 
Board so approved. 

(e) The adoption of Tentative Specifica- 
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tion for Copper and Copper-Alloy Welding 
Rods as a joint tentative standard of AWS 
and ASTM. 

Action: Upon motion, duly seconded, 
the Board so approved, 


Sales Promotion of AWS Publications 


J. R. Stitt stated that at present the 
Society has 120 Sustaining Members and 
163 Supporting Companies. Sustaining 
Members automatically receive complete 
set of codes upon joining the Sociery and 
new codes as published. He suggested 
that in an effort to promote the sale of the 
Society's codes, standards and specifica- 
tions, Supporting Companies and individ- 
uals interested should be approached to 
determine if they would be interested in 
securing all AWS published codes at a 
special price. Further, new 
published could be automatically sent to 
Supporting Companies on a complimen- 
tary basis. In this way, each Supporting 
Company would be acquainted with the 
code and would be encouraged to place 
quantity order purchase at list price for 
coce, less quantity order discount. Mr. 
Stitt pointed out that the orders received 
would more than justify the expense of 
complimentary mailing of the code to 
Supporting Companies. Members of the 
Board, realizing that there are many 
items to be considered, such as special 
price for published codes, whether mem- 
bers and nonmembers should be charged 
alike, ete., authorized the Chairman to 
appoint a Special Committee to review the 
proposed plan and submit its reeommenda- 
tions to the Board of Directors at a sub- 
sequent meeting. 

Action: Chairman Jennings appointed a 
Special Committee on Dissemination of 
Technical Codes, Standards and Specifica- 
tions, consisting of 8. A. Greenberg, Charr- 
man, J. R. Stitt, I. Morrison and F. J. 
Mooney, members. 


codes as 


TAC Members-at-Large 


J. R. Stitt stated that the Board of 
Directors should consider a change in the 
Sociery’s By-Laws regarding appoint- 
ment by the President of not more than 
three Members-at-Large to serve on the 
Technical Activities Committee for a one- 
year period. It was his feeling that in- 
stead of appointing three Members each 
year to serve for a one-year period, it 
would be advisable to appoint one Mem- 
ber each vear to serve for a three-year 
period, As it now stands, when the Mem- 
bers are acquainted with the activities of 
TAC their term of office is near its close. 
By appointing one Member each year, to 
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33% less than original 


PROPER DESIGN 
IN WELDED STEEL 
ALWAYS IMPROVES PRODUCT, 
LOWERS COST 


proouct 
Ole Co. 1952 


machining and assembly. 


iN 
more rigid yet weighs only 35 pounds. 


Weldment costs 
casting. Eliminates considerable time in 


difficult to cast, high cost incurred from 
Fig. 2—Welded Steel Design és stronger, 


bracket formerly weighed 56 pounds, was 
excessive rejects. 


Fig. 1—Original Construction — Machine 
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serve for a three-year term, he would be- 
come better acquainted with the activity 
as time progresses and could more effi- 
ciently serve the Committee. After discus- 
sion, members of the Board approved the 
proposal in principle and authorized the 
Chairman to appoint a Special Committee 
to further study this item and submit its 
recommendations to the Board of Direc- 
tors at a subsequent meeting, the Special 
Committee to consist of the Chairman of 
TAC and two members currently serving 
on the Board of Directors. 

Action: Chairman Jennings appointed a 
Special Committee on TAC Appoint- 
ments by the President, consisting of E. R. 
Seabloom, Chairman, C. D. Evans and 
T. B. Jefferson, members. 


1952 National Fall Meeting Budget 


The Assistant Secretary distributed pro- 
posed budget of income and expense for 
the 1952 National Fall Meeting. This 
budget has met with the approval of the 
National Convention and Finance Com- 
% mittees. 

Action: Upon motion, duly seconded, 

' proposed budget of income and expense 

for the 1952 National Fall Meeting was 

_ approved as submitted. 


| Reserve Funds Committee Recommendation 
; The Reserve Funds Committee, at a 
‘meeting held on Feb. 14, 1952, voted 
Sunanimously to recommend to the Board 
‘of Directors for appreval that the By- 
Laws of the Society Se amended to au- 
thorize the purchase of securities as per- 
mitted by Trust Funds and as approved 


by the State of New York. O. B. J. 
Fraser, Chairman of the Reserve Funds 
Committee, stated that the Assistant 
Secretary contacted the Society's attor- 
ney and auditors as to proper wording in 
the Society's By-Laws to accommodate 
this change. Both were in agreement that 
should the Board of Directors approve 
such action, then Article XII, Section 14, 
of the Society's By-Laws could properly 
be worded in part as follows: 

Proposed Wording: Funds turned over 
to this Committee by the Board of Direc- 
tors shall be in its custody for safekeeping 
and the Committee is authorized to hold 
these funds in cash and/or investments 
approved by the State of New York for 
fiduciaries as permitted by Section Twenty- 
One of the personal property law of the 
State of New York. 

Present Wording: Funds turned over to 
this Committee by the Board of Directors 
shall be in its custody for safekeeping and 
the Committee is authorized to hold these 
funds in cash and/or investments ap- 
proved by the State of New York for 
Savings Banks and Insurance Companies. 

Action: Upon motion, duly seconded, 
the Board of Directors approved purchase 
of securities as approved by the State of 
New York for fiduciaries as permitted by 
Section Twenty-One of the personal prop- 
erty law of the State of New York and 
referred this action to the Constitution and 
By-Laws Committee for necessary change 
in the Society’s By-Laws. Also, for that 
Committee to receive official confirmation 
from the Society's attorney regarding 
proper wording in the By-Laws. 


Full-Time Membership Secretary 


I. Morrison, Chairman of the National 
Membership Committee, in a communica- 
tion to the Board of Directors recom- 
mended that the Board give serious con- 
sideration to the employment of a full- 
time Membership Secretary whose task 
would be to promote the sale of member- 
ships. He stated that as a volunteer his 
efforts this vear will probably realize a 
net increase of 500 members over last 
year. 500 members represent $7500 in 
added revenue and a Membership Secre- 
tary devoting all his time to such an 
activity should show a result of at least 
twice this year’s figure, as well as add 
immeasurably to the stature and growth of 
the Society. Discussion ensued resulting 
in the attending members deferring action 
on Mr. Morrison's proposal until the 
Society's Secretary could accumulate 
figures regarding anticipated costs for the 
employment of a Membership Secretary 
and additional clerical expenses that may 
be involved. 


Welding Clinics 

The Secretary advised that “Welding 
Clinies’’ are increasing in number. These 
clinics are frequently proprietary sponsored 
by some large metal supply organization 
or equivalent. Such organization invites 
specific welding equipment manufacturers, 
with whom it has business arrangements, 
to exhibit their products in a warehouse or 
other location which is the property of the 
sponsoring supply company. In such 
instances, the invitations sent out 
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A STABLE ARC, GOOD DIRECTIONAL CONTROL, AND WIDE USEABILITY CHARACTERISTICS ENABLE YOU TO... 


Weld Stainless Easily in ALL Positions 
with G-E Stainless Steel Electrodes 


Excellent Delivery on Most of the 36 Types 


You get the most for your dollar 
when you buy General Electric stain- 
less steel electrodes. Here are seven 
reasons why: 

1. You get excellent handling char- 
acteristics in all positions. 

2. You get good directional con- 
trol because G-E stainless steel elec- 
trodes give you a very stable arc. 

3. You get the minimum of spatter 
and can remove slag easily. 

4. You can select the correct elec- 
trode for every application because 
G.E. offers industry a complete line 
of chrome and chrome-nickel types. 

5. You can get G-E stainless steel 
lime-coated electrodes for reverse 
polarity DC and titania-coated rods 
for AC and reverse polarity DC. 


Assures You of the Right Electrode for Every Job 


6. You get the correct metallurgical 
deposit your specific job requires. 

7. You get excellent physical prop- 
erties in the bead itself. 


See Your G-E Welding Distributor! 


He can help you select the best, 
most economical electrode for your 
specific stainless steel welding job. 
Delivery is excellent on most types. 

Your G-E welding distributor also 
carries a complete line of other elec- 
trodes, accessories, AC, DC, Inert- 
Arc and Atomic Hydrogen welders. 
You can find his name by looking 
for General Electric under ‘‘Welding 
Equipment” in the classified pages 
of your telephone directory. General 
Electric Co., Schenectady 5, N. Y. 


712-19 


GENERAL @@ ELECTRIC 


SMOOTH, NEAT WELD made with lime type 
W-1310, reverse polarity DC electrode. 


VERTICAL FILLET weld made with W-2310, 
titania type, AC or DC reverse polarity. 
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\ FOR THE 
ASKING 


To assist you in your re-tooling 
problems...or to help you an- 
alyze your present welding 
methods so that you may enjoy 
iz) maximum speed, efficiency, and 
economy in many of YOUR pro- 
duction problems... 


PROFUs_ 
ly 
¥- "LUStRar 


~ 


Giant new 4th Edition contains 62 new photographs, 
132 new drawings, 72 pages of helpful data covering 
basic and advanced welding techniques and designs 
used in fabricating and assembly. Profusely illustrated 
with application drawings; weld diagrams; tables of 
melting temperatures, strengths, corrosion factors; 
charts; alloy recommendations; ete. Convenient digest 


size. 

This just-off-the-press book is “‘*must” reading for anyone 
engaged in defense production and design, and will 
certainly be time prefitably spent for any man. 


...The unbelievable savings in metal-joining which can now be yours 
through the use of “Low Temperature Welding Alloys”™® discovered a 
few years ago and now used in.over 78,000 industrial plants throughout 
America for more efficient metal-working production as well as for 
salvaging irreplaceable tool and machine parts. 


Over 100 different, new, EUTECTIC Low Temperature WELDING ALLOYS® and 
EUTECTOR® Fluxes are job-engineered for use on ALL metals — cast iron, alloy steels, 
aluminum, copper and nickel alloys, die castings, overlays, etc., and may be applied with 
ALL heating methods — torch, arc, furnace, induction heating, etc. 


SEND FOR YOUR COPY TODAY! 
EUTECTIC WELDING ALLOYS CORPORATION 
172nd Street at Northern Boulevard © Flushing, New York, N.Y. ° 
EUTECTIC WELDING ALLOYS CORPORATION 
-172nd St. & Northern Bivd., Flushing — New York, N. Y. 


i This new manual of yours sounds like a very helpful book. Send me a FREE copy 
with the understanding that there will be no cost or obligation now or later. 


Signed 
Firm 
Address } 
City_ State 


WJ-6 
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welding equipment manufacturers are not 
in the order of open invitations to all, but 
rather specific invitations to certain com- 
panies only. Invitations have been ex- 
tended to AWS to man a booth at such 
activities for the purpose of securing mem- 
berships. The Secretary requested the 
Board to decide whether they wish to 
institute a ruling regarding the Socirery's 
policy in connection with such activities. 
The Secretary advised that when such 
activities have been proposed, he has first 
put up the proposition of participation to 
the Section Officer group whereat the 
activity is held. He has cautioned the 
Section Officer group that inasmuch as 
these are proprietary activities, AWS is 
present on the basis only of a participator 
as far as display is concerned and, under 
no conditions, can AWS or its Section 
sponsor such an activity. He observed 
that sponsorship was indicated to some 
people in the instance of a recent activity 
at Buffalo due to the fact that the AWS 
Niagara Frontier Section held its monthly 
meeting on the premises of the proprietary 
exhibitor. This was taken by some to indi- 
cate that the whole activity was sponsored 
by the Local Section. Such was not the 
ease. He advised that, in the future, 
recommendations to the Sections would 
also observe that they should not hold a 
regular Section meeting on the property of 
the exhibitor should such be misconstrued 
He pointed out that 
AWS participation as an exhibitor at the 
Buffalo Welding Clinie had resulted in a 
number of new memberships in the 
Society and a great deal of good will. He 
felt that comparable activity at other 
welding clinics would result in the same. 
In discussion, it followed that the greater 
number of the Board members were in 
agreement with the advantages of AWS 
participation as long as it or its Section did 
not sponsor the activity. 
that no ruling should be instituted in re- 
gard to this activity, but rather that the 
Secretary should proceed in the future on 
the pattern employed in the past. 


as sponsorship. 


It was decided 


By-Law Revisions 


The Constitution and By-Laws Com- 
mittee submitted to the Board of Direc- 
tors for approval suggested By-Law revi- 
sions to provide for Student Members and 
Student Chapters in trade schools. The 
proposed revisions indicate annual dues 
rate for Student Members of $5.00, in- 
stead of the present $3.00. Prof. R. 3. 
Green voiced disapproval stating that by 
so doing we would not be encouraging 
Student Memberships. In general, the 
Board felt that this matter had been ade- 
quately ciscussed at a meeting of the Fi- 
nance Committee and at the previous 
meeting of the Board of Directors and that, 


therefore, the recommendation should 
stand. 
Action: Upon motion, duly seconded, 


members of the Board approved By-Law 
revisions as submitted by the Constitution 
and By-Laws Committee for Student 
Members and Student Chapters in trade 
schools, with the following changes: 

Article 1, Section 2D—First sentence, 
delete words “taking a course beyond the 
terminal level.”’ Third sentence, change 
words “the AWS fiscal vear’’ to “his mem- 
bership anniversary.”’ 


THe WELDING JOURNAL 


an this new WELDING DESIGN MANUAL 

i 

| 
— 

. 

— 

4 

7 4 

1 


Only P&H AC Welders have this feature 


for faster, easier, sounder welds on 
non-ferrous and "hard-to-weld" metals 


No other welder has.this Instantaneous Control feature. 
Foot-operated, the control provides the heat you call for 
instantly, electrically — not mechanically. No time lag. 
It’s a P&H exclusive that boosts production, cuts costs, 


saves time. 
Inert Gas Welding 


Instantaneous control lets you handle “hard-to-weld” 
metals with ease — aluminum, magnesium, brass, copper, 
stainless, high carbon, high alloy, and low carbon steels. 
You get sound welds — X- -ray quality every time. No 
burn-throughs, fewer rejections, 
Operators like it, too. It gives them faster, better welds 
in only five simple steps, Check them: 
3 Foot switch automatically turns on power, high frequency, 
water and gas. 
Arc starts instantly without touching work. 


2 

3 Foot switch control provides exact heat needed while weiding 
— no time lag. 

4 


Foot-operated control cuts power either gradually or instantly 

at completion of weld. Eliminates craters — no scrap pieces 
needed to run out bead. 

Gas and water shut off automatically according to pre-set 

time delay. 


Compare AC Inert Gas Welders, point by point, and 

you'll buy P&H, Check these outstanding features : 

@ P&H Dial-lectric Control — No moving coils or cores to bind or 
freeze. Maintenance is absolutely negligible. 

@ Built-in high frequency unit — eliminates additional external 
equipment. Variable frequency control. 

®@ Automatic gas and water control! — Pre-set automatic time delay 
control (2 seconds to 2 —— prevents electrode contami- 
nation, assures clean, comme wel 

@ st ion — iia 10 amps to maximum. 
Three models — ranges 200, 300 and 500 amps. 

® Unusual are stability — Makes good clean welds where extreme- 
ly low amperages are required. 

® Selector switch — gives operator instant choice of standard or 
high frequency unit. 

No wonder P&H Inert Gas Welders are the choice of the 

aircraft industries where top quality work and speed are 
“musts”, They join “hard-to-weld” metals faster and 

easier — eliminate rejects for you, too. Get full details 

from your P&H representative or write us for further 

information. 


WELDING DIVISION 


HARNISCHFEGER 
CORPORATION 


4551 WEST NATIONAL AVE. © MILWAUKEE 14, WISCONSIN 


POWER SHOVELS * CRAWLER AND TRUCK CRANES * OVERHEAD CRANES * HOISTS * ARC WELDERS AND ELECTRODES * SOIL STABILIZERS * DIESEL ENGINES * PRE-FABRICATED HOMES 
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Membership Billing 


In that the ruling of the Board of Direc- 
tors in the order of change of By-Laws was 
to the effect that memberships received 
during the month shall not become effec- 
tive until the close of the month and that 
Headquarters in following through has 
notified the member by post card that his 
application was received and then at the 
beginning of the month following for- 
warded his membership card, it was deter- 
mined that regardless of this ruling it 
would be better if the membership card 
was forwarded to the member as quickly 
as possible after receipt of application but 
that, in the order of the By-Laws, the 
membership for the individual would not 
become effective until the last day of the 
month in which it was received. 

Secretary's Note: Hereafter, included 
With each membership card, there shall be 
a mimeographed statement to the effect 
that the new member’s membership year, 
which includes benefits and privileges of 
membership, begins one year prior to the 
expiration date shown on his membership 
ecard, 


Next Board Meeting 


The next meeting of the Board was ten- 
tatively set for Aug. 26, 1952, to be held 
in New York City. 


Carrying the Message to Garcia 


So that the message that AWS has to 
give may better reach those who should be 


x 
AWS Members, National Headquarters 
has had designed and fabricated a display 
unit with background which may be set 
up at Nationa] Meetings, Exhibits, etc. 
It is of light weight aluminum framing with 
background draped in blue and gold. The 


ations, 


Carbid 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


counter is similarly decorated. The plac- 
ards tell how all interested in welding bene- 
fit from AWS membership. Fluorescent 
and beam spotlights and a translucent 
AWS Emblem panel make for a very com- 


plete, compact and attractive display. 


FOR WELDING and CUTTING 


Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


NATIONAL CARBIDE COMPANY 


A Division of Air Reduction Co., Inc. 


60 E. 42nd St. New York 17, N.Y. 
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RESISTANCE WELDING 
HIGH-TEMPERATURE 
ALLOYS? 


General Electric can help you 
in the proper selection of 
resistance welding control— 
single-phase and three-phase 


Are you faced with resistance welding high- 
temperature, high-strength alloys or aluminum 
for defense production? Trying to decide be- 
tween three-phase and single-phase welding 
control? Write for G-E literature that describes 
both types. We know, from experience in our 
own as well as customers’ plants, that both are 
being used. Which you select will depend to a 
great extent on these factors: 


COMPARE SINGLE-PHASE AND THREE-PHASE 


Three-phase 


1. Low initial cost 1. Low KVA demand 


2. Low maintenance (easy) | 2. Balanced 3-phase load 

3. Simple to operate (few ad- | 3. High power factor 
justments) 

4. Wide industry use | 4. Inherent slope control 


5. Voltage and current regu- | action 
lators can be added later 

6. Slope control can be added 
if necessary 


General Electric has supplied, and used, both 
types to meet Army-Navy specifications, and 
our nearest local office can give you information 
based on experience with this equipment and 
with welding high-strength alloys. Before you 
buy— investigate. Write for bulletin GED-1512, 
or contact the nearest G-E sales office. General 
Electric Company, Schenectady, N. Y. 


Ask your resistance welding manufacturer, power 
supplier, or nearest General Electric office for a 
FREE showing of the sound and color movie, ‘This 
Is Resistance Welding.’’ Describes various welding 
theds and p For prod and engi- 
neering personnel training and refresher courses. 


GENERAL 


H. C. Wolfe, of the General Electric Electronics Laboratory Welding 
Section, says, ‘““Tests in our Laboratory and in other General Elec- 
tric Welding Laboratories showed that single-phase a-c welding 
using Slope Control was as good as three-phase welding on alumi- 
num. So, for Class A spot welding of aluminum, the use of our a-c 
machine with Slope Control certified to Military Specification 
MIL-W-6860 for .125-.125” 52S!14H aluminum has resulted in a 
considerable saving of money and time.” 


Three-phase at Ryan Aeronautical Company in San Diego controls 
several of the largest resistance welding machines in the country. 
With G-E 3-phase control exact heat settings can be obtained and 
duplicated later without variation. Uniform current is fed to the 
electrodes to produce the required heat with less momentary line 
load. Unidirectional spot-welding is also obtained—advantageous 
when welding sheets of different thicknesses. 


| | { 
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Third Conference on Electric 
Welding an Outstanding Success 


The Third Conference on Electric Weld- 
ing got under way with a flying start on 
Wednesday, April 16th, in Detroit, Mich., 
at the Rackham Memorial Bldg. This 
activity, of increasing popularity and 
interest, is a bi-annual event sponsored by 
the American Institute of Electrical Engi- 
neers in cooperation with the AMERICAN 
WetpinG Society and the Industrial 
Electrical Engineers’ Society of Detroit. 
The Conference duration of three full 
days’ events, April 16th, 17th and 18th, 
provided an excellent opportunity for the 
electrical and welding industries’ promi- 
nent engineers and authorities to join in 
meeting for review and discussion of 
Quality Control, Instrumentation, Power 


Supply and Resistance Welding as well as, 
through the cooperation of the AMERICAN 
Socrety, Detroit Section, to re- 
view the latest developments in Funda- 
mental Are Research and Are Welding; 
one complete session, morning or afternoon, 
being devoted to each of these interests 
and subjects. 

In addition, the AMERICAN WELDING So- 
ciety, Detroit Section, sponsored ,on Thurs- 
day and Friday evenings, a Demonstra- 
tion Session of electric welding techniques 
and equipments. This activity featured 
techniques, processes and devices, equip- 
ment or machines that essentially are new, 
having been developed or introduced to 
industry during the past two years, and 
since the preceding Conference in 1950. 
On Friday evening, April 18th, the 
AMERICAN WELDING Soctety, Detroit Sec- 
tion, in conjunction with the Conference ac- 


tivity, held its monthly general meeting. 
Walther Richter, Consulting Engineer of 
Milwaukee, Wis., addressed the meeting 
on the subject of “Instrumentation from 
the Viewpoint of the User.”’ 

The Welding Conference Activity was 
organized under the direction of C. N. 
Clark, Chairman, Conference Committee, 
and an Executive Committee composed of 
bk. J. Limpel, Chairman, Papers Commit- 
tee; C. M. Rhoades, AWS, Chairman, 
Publication Committee; J. 5. Francis and 
S. H. Brams, AWS, Co-Chairmen, Pub- 
licity Committee; Dr. A. DiGiulio, AWS, 
Chairman, Demonstration Committee; 
G. W. Garman, AWS, Conference Treas- 
urer; J. F. Deffenbaugh, AWS, Secretary; 
Keith Sheren, AWS, Chairman, AMERICAN 
WELDING Society, Detroit Section; and V. 
H. Chisholm, AWS, Chairman, Industrial 
Electrical Engineering Society of Detroit. 


Photo in Live Demonstration Hall in front of AWS Booth 
Front row (left to right): Jos. G. Magrath, National Secretary, AWS, New York, N. Y.; Wm. P. Kramer, Chairman, Local Publicity Conference 
Committee, National Electric Welding Machine Co., Detroit, Mich.; Dr. Armand DiGiulio, Chairman, Live Demonstration Committee, Consulting 
Engineer, Detroit, Mich.; C. N. Clark, Conference Chairman, Duquesne Light Co., Pittsburgh, Pa.; S. W. Luther, Chairman, Local Conference 


Committee, Detroit Edison Co., Detroit, Mich.: G. W. Garman, Conference 


man, Detroit Section, AWS, Taylor-Thompson Machinery Co., Detroit, Mich. 


reasurer, General Electric Co., Detroit, Mich.; Keith Sheren, Chair- 


Back row (left to right): E.G. Petrini, Conference Registrant, McNeil Machine & Engrg. Co., Akron, Ohio; Frank Fradd, AWS Committee. 
Ace Welding Supply. Ine.. Detroit Mich.: Bob Hawks, Detroit Section Membership Chairman, Ace Welding Supply, Inc., Detroit, Mich.; Jos. J 
Sennello, Conference Registrant, Continental Can Co., Chicago, UL. 
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Your local Alcoa Distributor is a good man 


to know when new rearmament contracts 


require that you teach inexperienced workers 


how to weld and braze aluminum. 

Through him you are offered the world’s 
most complete technical library on 
joining aluminum, plus copies of a 186-page 
book covering all welding processes. 

You'll find your local Alcoa Distributor 
listed under “Aluminum” in 
your Classified phone book. Or write: 


ALUMINUM COMPANY OF AMERICA 
1944-F Gulf Building ° Pittsburgh 19, Pennsylvania 


(ALCOA! 
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BURNING... 


stable even at lower heats 


SLAG... 


clean, easily removed 


COATING... 


resists cracking down to very short stubs 


SELECTION... 


complete line for welding 
every type of stainless 


Get in touch 
with your PAGE distributor 


PAGE STEEL AND WIRE DIVISION 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York 
Philadelphia, Portiand, San Francisco, Bridgeport, Conn 
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The Demonstration Session was ar- 
ranged and supervised by an all-AWS 
Committee consisting of Dr. A. DiGiulio, 
Chairman, and G. W. Garman, J. M 
Johnston, J. F. Randall and L. A. Strobel, 
Members. 

Serving on other important Standing 
Committees, in various capacities of Vice- 
Chairmen, Secretaries and Members, were 
the following prominent AWS Members 
S. H. Brams, T. F. Ellis, A. C. Good, 
Julius Heuschkel, 8. C. Hinds, A. H. Holm, 
A. W. Kelsey, W. P. Kramer, R. J. Krieger, 
C. R. Molenar, W. N. Moore, L. C. Poole, 
J. F. Randall, M. 8. Shane, H. P. Sparks, 
C. B. Stadum, P. Strother, R. E. Young 
and Myron Zucker. 

The Conference was opened by Keith 
Sheren, Chairman of the American 
WELDING Society, Detroit Section, who 
introduced Charles H. Jennings, Nationa! 
President of the WeLpING 
Society, observing his long and outstand- 
ing record of achievements in the Ameri- 
can WELDING Society and the welding 
industry, such, in his vear of presidency, 
rightfully giving him the title of “Mr. 
Welding, 1952.’’ President Jennings ad- 
dressed the assembly, welcoming all Mem- 
bers of the three participating Societies 
and their guests to the three-day activity 
of the Third Conference. C. N. Clark, 
Conference Chairman, followed with an 
outline of the scope and objectives of the 
activity and a brief review of the program 
Immediately thereafter, the Conference 
was under way to a well-attended series ot 
sessions. For the three-day technical 
sessions there was a registration of just 
over five hundred from all sections of the 
United States, coast to coast, from 
Canaca and from England, as well, in the 
person of Guy Cubitt-Smith of Crompton 
Parkinson Ltd. 

Among other prominent Activity Mem- 
bers of the American WELDING Sociery 
registrants were F. A. Bodenheim; F. L 
Brandt; J. H. Blankenbuehler: D. H 
Corey; T. J. Crawford, District Vice- 
President, AWS; F. H. Dill; 8. A. Green- 
berg, Technical Secretary, AWS: W. I 
Hess, Past-President, AWS; H. L. Herbst 
J. G. Magrath, National Secretary, AWS 
R. C. MeMaster; M. 8S. Noves; C. C 
Peck; A. L. Pfeil; O. J. Ryder; E. A 
Sirabian; W. F. Savage: R. E. Somers 
H. W. Stieglitz: J. B. Weleh; L. E 
Wagner and G. K. Willecke. 

The AWS-sponsored Demonstration 
Session was held in the Exposition Room ot 
the Rackham Memorial Bldg. Demonstra- 
tions, with exhibits of the required equip- 
ment, were provided by the Aluminum 
Company of America, General Electric 
Co., Industrial Electronics, Ine., Jered 
Engineering and Manufacturing Co., 
P. R. Mallory Co., National Time and 
Signal Corp., C. C. Peck Corp., Progres- 
sive Welder Co., Robotron Corp., Satullo 
Co., Roy Smith Co., Square D Co., 
Thomson Electric Welder Co., Welding 
Equipment and Supply Co., Weltronic 
Co., and the Westinghouse Electric Corp 

The activity came to a close on Friday 
evening at a session of the Detroit Section 
of AWS. Walther Richter, Consulting 
Engineer, Milwaukee, Wis., gave a most 
interesting talk, spiced with sharp and 
to-the-point humor, on “Instrumentation 
from the Viewpoint of the User.”’ 
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These Hard-Faced 


Over Two Years 


Riding over the coke-covered floor of an oven wears 
out plain steel pusher shoes in only two months. 
Hard-faced shoes have lasted at least two years, despite 
the severe abrasion, heat, thermal shock, and erosion 
involved in operation. With minor repairs, the hard-faced 


shoes can be used for another two or three years. 


Hayxes No. | hard-facing rod was selected 


to protect these shoes because it is hard enough to resist 


abrasion from the coke particles and the lining of the 


TRADE-MARK 


Coke Pusher Shoes Lasted WORE OUT IN 


STEEL SHOES 


TWO MONTHS 


oven floor. It does not chip or spall under the thermal 
shock of returning from 1800 deg. F. in the oven to 


atmospheric temperatures. 


There is a complete line of Haynes hard-facing mate- 
rials to choose from. Each is particularly suited to combat 
certain conditions of wear, heat. corrosion, or erosion. 
For a quick summary of the properties and forms of the 
various Hayves rods, write for Hard-Facing 


Materials Data.” 


Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, Indiana 
Sales Offices 
Chicago — Cleveland — Detroit — Houston 
Los Angeles—New York —San Francisco—Tuisa 


Haynes” and “Haynes Stellite” are trade-marks of Union Carbide and Carbon Corporation | 
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Photos on Spot Welding 


Figure l 


Symposium on Spot Welding 
Aluminum & Aluminum Alloys 


One hundred and thirty-one welding 
engineers from every part of the United 
States attended the Symposium on Spot 
Welding of Aluminum and Aluminum 
Alloys sponsored by the AWS Resistance 
Welding Committee at the Hotel Knicker- 
bocker in Chicago on March 11th and 12th. 
Figure | shows a representative portion of 
the audience. 

W. J. Wilson of Kaiser Metal Products, 
who is Chairman of the Subcommittee on 
Aluminum of the AWS Resistance Weld- 
ing Committee, presided as Chairman. 

The program was opened by an address 
of welcome by Julius Heuschkel of the 
Westinghouse Eleetrie Corp, and Chair- 
man of the AWS Resistance Welding Com- 
mittee. 

G. O. Hoglund of the Aluminum Com- 
pany of America led the discussion on the 
base metal properties of aluminum and 
its alloys from the standpoint of weld- 
ability 

A discussion of Surface Preparation of 
Spot Welding of Aluminum and Aluminum 
Alloys was led by Fritz Albrecht of the 
Glenn L. Martin Co. 

Welding Machines and Controls for 
Spot Welding Aluminum were discussed 
under the leadership of I. W. Johnson of 
the General Electrie Co, 

Welding Techniques were discussed 
under the leadership of J. J. MacKinney 
of the Budd Co. 

Typical Welding Schedules were dis- 


Reading left to right—(back row): J. J. 


fluminum and Its Alloys Symposium 


Photos Courtesy, Welding Engineer 
Figure 2 


W. J. Wilson, 


Julius Heuschkel, Floyd Matthews, G. O. Hoglund; (front row): 
1. W. Johnson, Fritz Albrecht and S. A. Greenberg 


tributed and the discussion of welding 
schedules for spot welding aluminum using 
different types of equipment was led by 
Floyd Matthews of the Boeing Airplane 
Co. 

The above speakers are shown in Fig. 2. 

All those present participated very 
actively in the discussion and it was 
unanimously agreed that the exchange of 
ideas afforded was invaluable. 


May Tell Industry More About 
Boiler Plate Steel 


University of Illinois engineers are blow- 
ing bulges in boiler plate and are making 
3/¢in. thick steel vibrate almost like rub- 
ber. 

This is part of research which may save 
tons of steel and thousands of dollars for 
American industry. The object is to pro- 
duce better boilers, refinery equipment, 
storage tanks and other steel containers 
involving high pressures. 

The Pressure Vessel Research Com- 
mittee of the Welding Research Council 
is sponsoring the project to set new design 
standards, Now these are made of very 
thick metal. Engineers feel that thinner 
metal could do the job, but the standards 
cannot be changed without more knowl- 
edge about new alloy steels. 

Prof. Thomas J. Dolan and Prof. Cletus 
k. Bowman are working on the project 
at Illinois. They have built a machine 


which in 3 hours can subject steel to re- 
peated stresses equaling 40 or more years 
of service life. 

Steel plates 9 by 17 in. in size are 
clamped in the machine. Oil pushes 
against one side of the plate with as much 
as 2500 Ib. pressure per square inch. The 
force against that one piece of steel may be 
190 tons. 

The pressure is automatically varied, 
75 or 100 times a minute, and as the oil 
surges against the boiler plate it pulses as 
if it were rubber. A permanent bulge of 
as much as half an inch may be made in 
the steel plate. 

The two-way stretch of the pulsing 
bulge strains the metal just as if it were 
part of a boiler. Hundreds of these tests 
can be made for less cost than even a small 
boiler. If a erack begins, the machine 
automatically stops. 

The Illinois engineers have spent most 
of the past year perfecting their equip- 
ment. They expect to spend one or two 
years making the many 
for new design standards 

At the same time the industry is spon- 
soring similar tests, though at a slower 
rate and on a more restricted scale, in a 
commercial laboratory. Results will be 
cross-checked. 

When final data are assembled and 
tentative new design standards are made, 
the industry plans demonstration tests 
and a third check— by building and testing 
several full-size boilers. 

(From University of Illinois 
News of April.) 


tests necessary 


QUALIFICATION of 


Main Laboratories 


UNITED STATES 
TESTING COMPANY, INC. 


INSPECTION and TESTING of = 
Welding and Weldments 


Procedures and Operators 


Hoboken, N. J. 
Boston - Chicage - New York - Philadelphia - Providence 


structural frame. 


These widely used units eliminate all hole punching, and, with 
welding, produce the most economical, safe, and quickly erected 


Write for 1951 edition, Structural Welding Practice Manual. 
J. H. WILLIAMS & CO. 
Buffel 


AIR REDUCTION CANADA, LTD. 
Montreal 2, 


WELDING CONNECTORS 


Sexe Welding Connection Units position 
ond secure structural parts to be welded. 


Clip K3A permits an adjustable connec- 
tion. 


lo 7, 


Canede 


Society Activities and Related Events 
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Put SAFETY and SAVINGS 
in the palm of your hand ! 


ORDER DIRECT 


ftom Mahutacturer 


INDUSTRIAL LENSES 


For more savings and quick service, order “Penoptic” quality industrial 
lenses direct. There's always a complete assortment of welding lenses, welding 
blanks, safety lenses and clip-on goggles in stock! All orders are filled and 
shipped immediately. No waiting. For more than a quarter of a century the 
Pennsylvania Optical Company has supplied industrial lenses made by men 
with experience and know-how in producing precision ground and polished 


lenses. Write, wire or phone for information on the complete line. 


PENNSYLVANIA OPTICAL COMPANY 
READING, PA. 


Known for Fine Ophthalmic Products Since 1886 


*Penoptic is the trade name of Pennsylvania Optical Company 
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Struthers Wells Installs New 


X-Ray Machine 


It has been announced by John T. 
Dillon, President, that a new X-ray 
machine of 400,000 volt capacity has been 
installed at the Titusville Forge Division 
of Struthers Wells Corp. 

This unit was installed under the super- 
vision of Pittsburgh and Erie engineers of 
the General Electrie Co. X-ray Depart- 
ment 

The main application for this high 
capacity unit will be the raciographic 
examination of larger vessels with heavier 
sections than can be penetrated with the 
lower voltage equipment now in use. 
This unit will permit the examination of 
steel plate up to 5 in. in thiekness, 

The high voltage feature, which results 
in X-rays of extreme penetration and short 
wave length, also makes it possible to 
X-ray products of widely varying thick- 
nesses and densities with a single exposure. 
This is due to the fact that short wave- 
length X-rays will more easily pass 
through a wider range of thicknesses and 
densities and thus have more latitude than 
do longer wave-length rays produced by 
X-ray equipment of lower voltage. They 
also permit the making of X-ray films with 
finer shading, revealing details not other- 
wise seen on X-ray films. 

Higher voltage X-ray equipment pro- 
vides, in addition, the advantage of greatly 
reducing the time required to make an 
X-ray 

The X-ray unit is so mounted that it 
can be moved into any desired position, 
and may be used to radiograph any type 
vessel or heavy weldment produced in this 
plant 


ASTM Changes 1953 Annual 
Meeting Date 


The American Society for Testing Ma- 
terials announces that it has changed the 
date of its Annual Meeting for 1953 from 
June 22nd to 26th to June 29th to July 
Sra. As already announced, the meeting 
will be held at Chalfonte-Haddon Hall, 
Atlantic City, N. J. This change has 
been made at the request of the Depart- 
ments of Commerce and State of the 
Federal Government and specifically of 
the United States National Commission of 
the Pan American Railway Congress 
Assn. Arrangements have been made by 
the Government to hold the Eighth Pan 
American Railway Congress in Washing- 
ton and Atlantic City over the period from 
June 12 to 25, 1953. This is the first of 
these congresses to be held in the United 
States, and to accommodate so large a 
group the complete facilities of the beach- 
front hotels at Atlantie City were desired. 
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SESA 1952 Spring Meeting 


The Society for Experimental Stress 
Analysis announces that it will hold its 
1952 Spring Meeting on May I4th, 15th 
and 16th, at the Hotel Lincoln, Indianap- 
olis, Ind. The meeting will feature a 
number of panel discussions on various 
phases of experimental stress analysis. 


A comprehensive sales training program 
to develop well-informed salesmen-tech- 
nicians, able to cope with customers’ prob- 
lems, has been undertaken by the Welding 
Products Division of A. O. Smith Corp., 
Milwaukee, Wis. 

The program is designed to give trainees 
a broad understanding of welding tech- 
niques and applications without their hav- 
ing previous welding knowledge. 

First part of the course is an eight-week 
period spent in learning the techniques of 
electrode manufacturing. 

Following this, the trainees spend 12 
weeks in the Welding Research Laboratory 
where they observe all types of welding 
used by A. O. Smith, and are required to 
pass regular tests as qualified welders. 

The third segment of the program places 
trainees in the welding equipment manu- 
facturing plant where they learn about the 
construction and use of A. O. Smith weld- 
ing machines. 

Following these operational phases of his 
instruction the students will work in the 
divisional sales office at Milwaukee becom- 
ing familiar with sales correspondence and 
order service and developing knowledge of 
what is involved in servicing a customer. 

The course is completed with each 
trainee serving a six-month period in the 
field is a junior salesman, working under 
more experienced men. 


Annual Meeting of the American 
Institute of Steel Construction 


The fourth annual American Institute of 
Steel Construction National Engineering 
Conference was held on April 23rd and 
24th at the Hotel Commodore. 

Over 200 attended with staff engineers 
present from a majority of the 273 AISC 
member companies. Representatives of 
the Canadian Institute of Steel Construe- 
tion attended, as did also engineering pro- 
fessors from various colleges. 

On Wednesday morning papers were pre- 
sented on “Design and Construction of 
United Nations General Assembly Build- 
ing’ and “Lever House—A Lightly 
Loaded Two-Story Steel Frame.’’ The 
afternoon was devoted to a panel discus- 
sion on the AISC’s Research Program. 


News of the Industry 


On Thursday morning a panel] discussion 
covered “Problems of Welded Fabrica- 
tion.’ The afternoon consisted of infor- 
mal discussions on current engineering 
topics. 

The district engineers and engineering 
staff of AISC held their annual meeting 
April 21st, 22nd and 25th at AISC head- 
quarters, 101 Park Ave. 

The AISC engineering department con- 
tinuously conducts research on subjects 
pertinent to structural] steel fabricators and 
prepares textbooks, manuals and specifica- 
tions, as well as technical papers of interest 
to the engineering profession. 

The District Engineers in 15 areas work 
with member companies, public officials, 
architects and engineers promoting the use 
of structural steel. 

The Welding Research Council is co- 
operating with the Institute on research 
programs dealing with rigid frame con- 
struction. In this research work carried 
on at Lehigh University the investigation 
covered the behavior of columns, beams, 
joints and their assembly in a welded rigid 
frame structure from the elastic range into 
the plastic range. 


Ford Completes Two New 
Welded-Tube Mills 


After nearly three years of engineering 
research and planning, Ford Motor Co. has 
completed two of industry's most modern 
welded steel tube processing operations 
which are producing 180 ft. of tubing a 
minute, 

Designed for quick conversion to de- 
fense production of welded tubing up to 
5 in. in diameter, the mills are located at 
the company’s Mound Road plant, near 
Detroit. 

One is nearly 400 ft. long and turns out 
tubing for axle housings at a rate of 75 ft. a 
minute. The other, 175 ft. long, is pro- 
Cucing 105 ft. of tubing a minute for drive- 
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your thumb can’t control 2200 pounds 


mere’s how a regulator 


here are some of the interesting questions 
this book answers about regulators 


How do regulators work — what is the difference between a single and a two stage reduction 


regulator — how does a gauge differ from a flowmeter — why are some regulators hard to 
adjust — what is a line regulator — what modern safety protection should a good regulator 
possess — what does the regulator inlet filter do — are big springs and large diameter dia- 
phragms an advantage — how should one order a regulator 


NATIONAL WELDING EQUIPMENT CO. 
218 Fremont Street, San Francisco 5, Calif. 


Please send FREE “Regulator” booklet. 


this brand new book, 44 pages and with NAME 
twenty-five beautiful illustrations, is yours PosiTION 
for the asking — it's free ea 
ZONE STATE 


Please print to make sure you receive your copy. 


Nationaal EQUIPMENT CO., San Francisco 5, California. 
“4 
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For the War Against Wear in 
the Fight for Economy 


AMSCOATING | 


THE RIGHT WAY TO SAY HARDFACING 


end ore clways of work but their 
effects can be postponed through the use of AMSCO 
Welding Products. Reclamation and rebuilding of 
worn or damaged equipment parts by Amscocting 
means dollar-saving, long-lasting protection. The 
AMSCO Hardfacing System successfully fights wear 
coused by impact, abrasion, heat or corrosion. It 
assures longer equipment life and fewer repoirs. 


Delivery 


dozens of other Y and %" in 224" 1D, 
For prompt delivery of 

these welding products, contact AMSCO No. 459 for severe abrasion, mild impor! Mos 
your AMSCO distributor. aan excellent abrasion resistance. All diamieters, bore and 


coated. 
AMSCO No. 217 for abrasive service up to 1100° F. 
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d Hardfacing Rods | 
anganese an ardfacing Rods 
: 
yl | AMSCO AW-79 will meet every requirement for better : 
control of wear where abrasion and impact are important 
factors—pius all the advantages of automatic welding. 
ne Especially suitable for rebuilding and hardfacing tor i 
Al | The deposit retains hardness at high temperatures. All 
diameters, bore and coated. 
oa AMSCO No. 6 for combination of corrosion or abrasion, 
a. ron or for 1000° service and above. Used as facings for too! 
i O amscoatine ond die applications. No. 1 has greater abrasion resist- 
= - : 
3e AME RICAN 
“Se mon herdfacing applications. ra e 
recommends the right AMSCO 
= te use ond the preferred = 
a of application. White for OMPANY —— 
ba Other Plants: New Castle, Del, Denver, Cal., Los Angeles, St. Lovis. 


‘CONTROLS IMPA 


Through many years’ experience in the production 
and application of manganese steel— ‘the toughest 
steel known"—AMSCO has developed welding 
products designed solely to conserve and protect 
ports exposed to impact and wear. American Brake 
Shoe Company's scientists and engineers are work- 
ing continvously to build better defenses against 
wear in machines and equipment. 


ence; No. 6 is the tougher, and con be mochined. All 
diometers, bore and coated. 

AMSCO No. 1 for combination of corrosion or abrasion, 
or for 1000° service and above. Used os facings for tool 
ond die applications. No. | has greoter abrasion resisi- 
once; No. 6 is the tougher, and con be machined. All 
diometers, bore and coated. 

AMSCO FARMFACE or AMSCO CHROMEFACE for 
industrial and form use. Deposit has excellent resistance to 
low stress sliding abrasion. All diameters, bare and coated. 
AMSCO AIR-HARDENING for abrasion and severe 
impoct. Deposit can be forged to o sharp edge without 
losing hordness. All diometers, bore and cocted. 
AMSCO HF-4O for severe abrasion and moderate im- 
pact. Deposits of HF-40 cre hord and abrasion resistant. 
Ali diameters, coated only. 


i} 


AMSCO Weiding Rods are known for their excellent 
service in many applicotions—from rock crushers to 
materials handling pumps . . . in forging, rolling, 
stamping, and cutting .. . for gears, sprocket wheels 
and clutch cams ... in grinding, mixing, ond chipping 
operations . . . Whatever your problem of wear, 
there's co “proved-in-service” AMSCO Hoardfacing 
Product that can solve it. 


AMSCO HF-60 for moderate impact ond severe abra- 
sion. This rod is particularly suitable for application in both 
fict and vertical positions. All diometers, cocted only 

AMSCO CO-MANG for build-up on manganese steel 


castings exposed to severe impact. Deposit has excel- 
lent ct resistance. All diameters, coated only. 
AMSCO TOOLFACE for metal to metal wecr up to 
1K F. Toolfece deposits hove excellent abrasion resist- 
ance. All diameters, bore and cocted. 

AMSCO DIEWELD for tools and dies. Deposit may be 
softened for machining and rehardened. Retains o keen 
cutting edge. 

AMSCO V-MANG for build-up on manganese castings 
exposed to impact, 


TUNGSTEN CARBIDE. 
A complete line of manganese steel dipper tooth repointer 
bers and other shapes cre oveoilable. 
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Steel Bars and Shapes 

AMERICAN MANGANESE STEEL DIVISION 
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is DOCKSON 
HELMETS and 
HANDSHIELDS 


get longer use 
from DOCKSON 
HELMETS & HAND 
SHIELDS .. . every 
one “BUILT FOR 
BETTER SERVICE”. 


THERE IS A DOCKSON DISTRIBUTOR 
NEAR YOU — Let us send you his 
name and our catalog of Welding 
and Cutting Equipment. 


shaft assemblies, a speed unequalled in 
industry on like quality steel. 

The manufacturing procedure of both 
mills is approximately the same and be- 
gins with the automatic unwinding of 
coiled steel from huge drums, Steel stock 
enters the loading end of the mill and is 
gradually formed into tubular shape by a 
series of parallel rollers. 

The tube is then welded automatically 
and the flash removed. 

Following this, the tube stock is cut to 
desired length by a process that virtually 
eliminates waste. 

Tube stock then is moved automatically 
to annealing furnaces and transported to 
other manufacturing buildings to be proc- 
essed into rear-axle and driveshaft assem- 
blies. 


Turbine-Condenser Welding 
Time Cut 70% 


Welding time on large turbine condensers 
at the Sunnyvale, Calif., plant of the 
Westinghouse Electric Corp. has been cut 
70% by positioning the condensers. 
Originally, all welding operations were 
performed with the condenser in one posi- 
tion. The results were satisfactory, but 
the all-position welding required was time 
consuming. 

The condenser now is positioned first on 
one side, and then the other, thus eliminat- 
ing all vertical and overhead welding. 
The condenser, plus the strongback weigh- 
ing about 35 tons, is positioned with an 
overhead crane having an auxiliary hook 
to hold the condenser in its unbalanced 
position while cribbing and blocking is 
moved into place. 

By positioning the condenser for down- 
hand welding, larger electrodes can be 
used, and fewer passes are needed per 
joint. This means not only a_ higher 
deposition efficiency, but less time spent 
cleaning away slag between passes. 

In addition to the time saved, the weld- 
ing job has a more uniform appearance 
throughout, and some of the cramped and 
uncomfortable positions of the welders are 
eliminated, making the job less fatiguing. 

The time spent in positioning the con- 
denser is negligible compared to the more 
than 500 welding hours saved on each unit. 


News of the Industry 


600,000-Lb. Capacity Welded 
Testing Machine 


First Baldwin testing machine of 600,000 
Ib. capacity to have columns and base 
made as weldments was installed recent!) 
in the new Structures Laboratory at 
Purdue University. Baldwin-Lima- 
Hamilton Corp. has revised design of al! 
testing machines of this type to welded 
construction instead of steel castings. 
Welds are so well finished on the exterior 
that joints are indistinguishable from 
parent metal. Smooth, flat surfaces of 
steel plate improve the appearance of the 
machine, 


The machine will be used mainly for re- 
search on concrete and steel structures. 
Most of the work will be done by graduate 
students at Purdue under the direction of 
faculty members. Sponsors for testing 
projects include the Association of Ameri- 
ean Railroads, Column Research Council 
of the Engineering Foundation, and Re- 
search Council for Riveted and Bolted 
Structural Joints. 


Lincoln’s System for Welded 
Design 


To convince the Army to buy 14 weld- 
ing machines in 1917 The Lincoln Electric 
Co, agreed to establish a welding school at 
its factory in Cleveland, Ohio, to teach 
soldiers how to weld. The school is still 
operating and has gracuated over 35,000 
welcers for industry. 

Today Lincoln reports that it is starting 
an entirely different type of training pro- 
gram for engineers to help industry re- 
duce the basic cost of making machinery 
up to 50%, and reduce the weight as much 
as’ 30%. Lincoln engineers claim that 
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BE SAFE against sparks, flash and 
dangerous rays of arc welding. DOCK- 
SON HELMETS and HAND SHIELDS are 
leak-proof, shock- i 
proof, and equipped 3 
—adjustable, cush- 
ioned headgear; 
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SUCCESS IN WELDING & CUTTING 


depends on many different things 


Whatever your welding and cutting requirements are, BURDOX 
is the one qualified source for all your needs. long experience 
with products for every type of process for welding and cutting 
enables BURDOX to remove guess-work and deloy in solving your 
individual problems. With BURDOX you get the job done efficiently 
and at low cost. Call BURDOX .. . you'll appreciate the better 
results obtained with equip * made for your particular opera- 
tion. Write for free catalog of equipment today. 


tHE BURDETT OXYGEN COMPANY 
Plonts 

CLEVELAND & DAYTON, OHIO 

LOS ANGELES, CALIFORNIA 


General Offices 
3302 LAKESIDE AVENUE 
CLEVELAND 14, OHIO 


Branches 
CINCINNAT! 
YOUNGSTOWN 
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A Lincoln field engineer explains to 

industrial engineers how costs and 

weight can be reduced with the welded 

design system developed and taught 

by Lincoln engineers in special eve- 
ning courses 


they have developed new information 
never before available to industry which 
constitutes a new approach to the use of 
welding in the design of all types of 
machinery. This new information sup- 
posedly allows manufacturers of machinery 
to take full advantage of the superior prop- 
erties of steel as a material. Long in- 
volved calculations ordinarily required in 
designing are either shortened or elimi- 
nated. 

The training program is being made 
available in principal cities throughout 
the country by especially trained field 
engineers. It is open to all qualified engi- 
neers engaged in manufacturing machinery 
who are interested in reducing manufac- 
turing costs, saving steel and improving 
product performance. It is intended for 
all manufacturers regardless of whether or 
not welding is being currently used. 
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Simply mark your workpiece 
with the proper Tempilstik? 
When the mark melts, the specified 
temperature has been reached. 


aa 


Agriculture Meets Welding 
Industry 


The top young farmers of the nation are 
the national officers of the Future Farmers 
of America Organization. They are 
selected in competition among the 300,000 
members. On a recent good-will tour of 
major industrial centers in the East and 
Midwest they visited leading business 
organizations who sponsor the FFA, in- 
cluding The Lincoln Electric Co. 

The accompanying photograph shows 
A. F. Davis, Vice-President of Lincoln 
Electric Co., explaining a wall diagram of 
the company’s new $10,000,000 plant for 
making welding machines and electrodes. 


Left to right: 
national FF i adviser of Washington: 
Charles Ocke:, Cameron, Mo.; Duane 


Dr. W. T. Spanton, 


Drushella, Scio, Ore.; Gerald Reyn- 
olds, Corfu, N. Y.; Dallas High, Ohio 
City, Ohio; John Folts, Bremen, Ohio; 
Billy Howard, Plains, Ga.; Donald 
Staheli, Hurricane, Utah 


Also available 
in pellet or 
liquid form 


News of the Industry 


A convenient method of 
controlling working 
temperatures in: 


by 21” 


Employment 


Service Bulletin 


V-268. Welding Research Engineer. 
A company who has pioneered in welding 
and is considered by industry as a leader 
in the field has an excellent opportunity 
for an engineer with welding and metallur- 
gical background. Preferable some experi- 
ence in furnace brazing of metals in con- 
trolled atmospheres. This is an interesting 
position in the development of welding 
application to diversified projects. Loca- 
tion, Midwest. Excellent starting salary. 

V-269. General Welding Engineer. Op- 
portunity in research and development 
welding laboratory for a graduate engin- 
neer. Welding experience is preferred but 
not necessary. Duties include research 
and development in welding processes and 
application to new and present products 
We are a multiplant operation with a 
diversified line of products. If you are 
interested in doing welding research we in- 
vite your inquiry. Midwest location. 

V-270. Welding Engineer. Knowledge 
of resistance, induction, are and gas weld- 
ing required on plate, stainless steel and 
aluminum, Long-range program, working 
with new, modern equipment in new plant, 
salary commensurate with ability. Also 
need foreman and experienced welders. 
For further details, write David Brauer, 
Personnel Manager, Daystrom Instru- 
ment Division, Archbald, Pa. 
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Dr. G. V. Slottman Elected a 
Vice-President of Air Reduction 
Co., Ine. 


Directors of the Air Reduction Co., Ine., 
have elected George V. Slottman as a 
Vice-President. He has been the com- 
pany’s director of research and engineer- 
ing since February 1949, and will continue 
in charge of that activity. 

Dr. Slottman, a native New Yorker, 
was graduated from Massachusetts Insti- 
tute of Technology in 1925. Two years 
later, he received his Ph.D. from the 
University of Berlin, and returned to 
M.1.T as a professor of chemical engineer- 
ing. 


George V. Slottman 


From 1930 to 1934, Dr. Slottman served 
as chief combustion engineer and iron 
works manager for the United Steel Com- 
panies, Ltd., Sheffield, England. He 
joined Airco in 1934, and since that time 
has served as manager of the General 
Technical Sales Department, technical 
assistant to the Vice-President and direc- 
tor of research and engineering 

Dr. Slottman has been closelv associ- 
ated with Airco’s development and intro- 
duction of steel-making processes using 
oxygen for both combustion purposes and 
as a chemical reagent. 
thored a number of articles published on 


He has also au- 


these topics, and was co-author of “Oxy- 
gen Cutting,’’ the most comprehensive 
book of its type published in recent years 


Charles Ness Receives the 
Morehead Medal 


The 1951 James Turner Morehead Medal 
of the International Acetylene Assn. has 
been awarded to Charles Ness, Super- 
intendent, 


Acetylene Research Labora- 


June 1952 


Charles Ness 


tory, The Linde Air Products Co. The 
award was made to Mr. Ness for his many 
contributions to design for safety, effi- 
ciency and economy, in the generation, 
pipeline distribution and packaging of 
acetvlene, 

The presentation was made by C. E. 
Monlux, Past-President and Director of 
the International Acetylene Assn. and 
Vice-President, The Linde Air Products 
Co., at the opening session of the Conven- 
tion of the International Acetylene Assn. 
at the Claypool Hotel, Indianapolis, Ind., 
on March 31st 

The Morehead Medal is awarded annu- 
ally by the Association for outstanding 
work in advancing the industry or the art 
of producing or utilizing caletum carbide, 
its derivatives and allied products, the 
most important of which is the gas 
acetylene 

Through the generosity of the Honor- 
able John Motley Morehead, the vearly 
award of the medal has been made pos- 
sible. The practice of awarding the medal 
was established in 1922 to honor his 
father, James Turner Morehead, who was 
responsible for the experiments leading, in 
1892, to the discovery of the electric fur- 
nace method of producing calcium carbide. 
Since then the medal has been awarded 
annually 

Charles Ness was born July 4, 1891, in 
Chicago, Ill. He attended the Chieago 
Public Schools and then entered Armour 
Institute of Technology, known today as 
Illinois Institute of Technology, in Chi- 
eago. He graduated in 1912 with a B.S. 
in Chemical Engineering 

From 1914 to 1917 he served as gas 
tester for the City of Chicago and during 
World War I was in charge of the U. 8 
Army Ordnance Laboratory at Chicago. 

In 1919 Mr. Ness joined The Linde Air 
Products Co. and was assigned to re- 
search work at their Buffalo, N. Y., 


laboratories There his early work was 


Personnel 


concerned with filler materials for acetyl- 
ene cylinders. He then became active in 
the design and operation of acetylene 
generators and acetylene distribution 
equipment and joined the Acetylene Re- 
search Division when it was established in 
1922, in Indianapolis. 

Under his direction a monolithic type 
filler was approved and put into produc- 
tion. His interest in acetylene cylinders 
has continued through the vears along the 
lines of increasing their safety and gas- 
carrying capacities, lowering their costs 
and dead-load practice, and periecting the 
handling and distribution for maximum 
utility More recently under his direc- 
tion, a sand-lime type of filler was devel- 
oped, perfected and put into production 
In January 1951, the research and engi- 
neering group became the Speedway) 
Laboratory, The Linde Air Products Co., 
with Mr. Ness as its manager Mr. Ness 
is a member of the International Acetylene 
Assn., Compressed Gas Manufacturers 
Assn. and National Fire Protection Assn 


Oehler Promoted 


Elevation of Dr. I. A. Oehler, Director 
of Metallurgy and Research at The Ameri- 
can Welding & Manufacturing Co., 
Warren, Ohio, to new responsibilities in 
the company’s over-all management Was 
announced recently by E. C. Fales, 
Executive Vice-President 

Oehler, who will continue to direct the 
company s research activities, assumes the 
newly created post of Administrative 
Assistant to the Executive Vice-President 

Dr. Oehler joined The American Weld- 
ing & Manufacturing Co. in 1942. Pre- 
vious to that he was assistant chief metal- 
lurgist at Republic Steel Corp., Buffalo 


I. 4. Oehler 
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district. He received his E.E. degree 
from Rensselaer Polytechnic Institute in 
1932, his M.E.E. from the same institute 
in 1933 and obtained his D.E.E. degree 
while studying on a R.P.1. fellowship. 

Nationally known for his work in weld- 
ing, Dr. Oehler was recently elected to the 
Board of Direetors of the AMERICAN 
Wetpine Somery. He is also a member 
of the American Society for Metals, 
Society of Automotive Engineers, Ameri- 
can Society for Testing Materials, Ameri- 
ean Association for Advancement of 
Science, National Society of Professional 
Engineers, American Ordnance Assn., 
Sigma XI and is past-chairman, Mahoning 
Valley Section, American WeLvING So- 
erery, and past-chairman, Warren Chap- 
ter, American Society for Metals 


Baldwin-Lima-Hamilton Corp. 
Promotes Kenneth G. Hubach 


Kenneth G. Hubach has been appointed 
sales manager of the Foundry & Com- 
mercial Weldment Departments of Bald- 
win-Lima-Hamilton Corp. His duties will 
be concerned with the development of 
long-range possibilities in the field of metal 
fabrication. In heading up these sales 
operations, he will work toward a closely 


Kenneth G. Hubach 


coordinated foundry and weldment service 
designed to meet the requirements of 
industry. 

Hubach is a civil engineering graduate 
of the Newark College of Engineering. 
He pursued further technical studies at 
Cuse Scientific and Temple University. 

In 1936, he joined the Page Steel & 
Wire Division, American Chain & Cable 
Corp., as a welding engineer. In 1942, he 
became general manager of the Standard 
Electrode & Manufacturing Co.; and in 
1951, he joined the H. L. Yoh Co. He 
resigned from this position on Sept. 1, 
1951, to join B-L-H as manager of the 
Commercial Weldment Division. He is a 
member of AWS. 


Freeze Appointed Eastern 
Representative 


The appointment of C. Louis Freeze as 
Representative for the Greater Philadel- 
phia Territory has been announced by 
Fred A. Kaufman, General Sales Manager 
of The McKay Co., Pittsburgh, Pa. Mr. 
Freeze, from headquarters in Philadelphia, 
will serve as district sales representative in 
Delaware, Eastern Pennsylvania and 
Southern New Jersey for the company's 
Electrode Division. 


C. Louis Freese 


Mr. Freeze brings to The McKay Co. a 
well-rounded background in welding. He 
has over 18 years of shop-level know-how 
in all types of welding and weldments plus 
experience in engineering and sales. He 
was associated from 1933 to 1945 with the 
Armco Steel Corp. in its Fabrication Divi- 
sion, Since 1946 he has been in electrode 
sales. 

Mr. Freeze studied Mechanical Engi- 
neering at the American School of Chicago 
and attended City College in New York 
He is a member of the AMERICAN WELDING 
Socrery. 


Lincoln Adds New Directors 


At a meeting of the shareholders of The 
Lincoln Electrie Co., held on Apr. 4th, 
J. Roscoe and G. E. Tenney 
elected as additional members of the 
Board of Directors. Board members for 
the year 1951 were re-elected for another 
vear. 

Mr. Roseoe joined Lincoln in 1924 fol- 
lowing his graduation from the Ohio State 
University. He is Director of Purchasing 
for the company, appointed to that posi- 
tion in 1951. He previously was District 
Manager for the company in Chicago, 
Pittsburgh and Syracuse. 


were 


J. 5S. Roscoe 
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G. E. Tenney 


Mr. Tenney, Service Manager, and also 
a graduate of the Ohio State University, 
was District Manager in Chicago for 15 
years before his appointment as Service 
Manager in 1948. He was Sales Manager 
for Moore Drop Forging Co. of Spring- 
field, Mass., before joining Lincoln in 1932 


L. W. Hench New President of 
International Acetylene Assn. 


L. W. Hench, President of American 
Oxygen Service Corp., Harrison, N. J., was 
elected President of the 
Acetylene Assn. recently at the annual 
business meeting held during this associa- 


International 


tion’s Annual Convention in Indianapolis 
Mr Hench had served as Vice-President 
for the vear 1951 

W. A. Brown, Jr., President, The Liquid 
Carbonie Corp., 
Vice-President of the Association. KE. \ 
David was re-elected Treasurer. H. F 
Reinhard was re-elected Secretary 

i. W 
Ohio, and received his early education ip 
the Cleveland Schools. Mr. Hench started 
his business career at the age of 16 as an 
electrician for Youngstown Sheet and 
Tube Co., Youngstown, Ohio. In sue- 
ceeding years he served as sales engineer 


Chicago, was elected 


Hench was born in Cleveland, 


and power engineer with several 
western industrial organizations 


W. Hench, W. 


Left to right: L. 


Since 1919 Mr. Hench has devoted his 
time to the oxvacetvlene industry and to 
the construction of plants for the produe- 
tion of oxygen, acety lene and other com- 
pressed gases 

For many vears Mr. Hench has taken 
an active part in the functioning of the 
Compressed Gas Assn. and the Inter- 
national Acetylene Assn He served as 
President of the Compressed Gas Assn. in 
1948 


Harnischfeger Promotions 


The Harnischfeger Corp. has announced 
the recent personnel promotions of M. O 
Monsler and W. R. Stephens 

Filling a newly created post Mr. Mon- 
sler is now manager of Harnischfeger 
Corp.'s welder and electrode division after 
having been sales manager of this division 
for two vears. In addition to this sales 
activitv, Mr. Monsler brings to his mana- 
gerial position extensive knowledge of 
welding tec hniques and procedures gained 
through 15 vears ol experience as a welding 
service engineer and == superintendent's 
assistant in welding production and con- 
trol 

Mr. Stephens is taking over the duties of 
sales manager of Harnischfeger Corp's 
Before his 
association with the company in 1947, Mr 


welder and electrode division 


Stephens obtained 11 years of experience 


1. Brown, Jr., H. F. Reinhard, E. ). David 


as a research laboratory metallurgist and 
electrode sales engineer He joined: the 
Harnischfeger Corp as a welder sales 
engineer in this company's Detroit office 
and has worked in this capacity until his 
recent promotion. 


OBITUARY 
Dr. Charles MacQuigg 


Dr. Charles E. MacQuigg, Dean of Ohio 
State University’s Engineering College for 
15 vears, died on April 24th after a month’s 
illness. He was 67 years old. 

Born at Ironton, Dr. MacQuigg was 
associated with the Sante Fe Railroad and 
the Anaconda Copper Co. in Montana 
after graduation from Ohio State. He 
was head of the Metallurgy Department 
of Pennsylvania State College for 5 years 
before joining the Army Ordnance Depart- 
ment during the First World War. Dr. 
MacQuigg was regional coordinator for the 
Government’s engineering, science and 
management war training program curing 
the second World War 

He was president of the 
Society for Engineering Education in 
1947-49; chairman of the Ohio Water 
tesources Board and 
executive committee of the engineering 
civision of the Association of Land Grant 
Colleges and Universities A member of 
the National Research Council and the 


American 


member of the 
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ALL-STATE 
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Newcomen Society of England, he held 
several patents on metallurgical inven- 
tions and was the author of numerous 
technical papers. 

Surviving are his widow, Mrs. Lillian 
MacQuigg, and three sons, Major David 
EK. MaeQuigg of Fort Reilly, Kan.; Dr. 
Roger E. MacQuigg of Albuquerque, 
N. Mex., and Charles H. MacQuigg of 
Dallas, Tex. 


C. Laurence Warwick, Long- 
Time Executive Secretary, 
ASTM, Dies 


C. Laurence Warwick, Executive Secre- 
tary, American Society for Testing Ma- 
terials, and its administrative head since 
1919, died suddenly Wednesday evening, 
April 23rd, shortly after presiding at a 
dinner honoring the retiring Treasurer of 
the Society. During the meal he com- 
plained of chest pains and after taking a 
sedative, continued, but died, probably 
from a severe heart attack, about an hour 
after the close of the affair. 

Mr. Warwick had been active in the 
Society since 1909 when he graduated from 
the University of Pennsylvania in civil 
engineering. While he was Instructor and 
Assistant Professor at the University, he 
also served as Assistant Secretary of 
ASTM with Edgar Marburg, the Society's 
founder secretary. In 1919, on the death 
of Dr. Marburg, he was appointed Secre- 
tary-Treasurer (chief executive officer) 
and in 1946 became Executive Secretary. 
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e@ Manganal is the toughest metal known, 
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Manganal minimizes friction wear. 


He had made many notable contribu- 
tions to the field of standardization and 
research in materials and was recognized 
as an outstanding authority on materials. 
One of his important contributions was in 
the War Production Board during World 
War II, where he served as Head of the 
Specifications Branch of the Conservation 
Division, and later headed the Materials 
Division. This work resulted in tremen- 
dous savings of critical and strategic war 
materials through the issuance of emer- 
gency standards and in other ways. 

He was born July 29, 1889. He is sur- 
Vived by his wife, Mary, a daughter, Mrs. 
Elizabeth Holtzman of Yardley, and two 
sons, C. Laurence, Jr., of Broomall, and 
Robert O., of Trenton; also two brothers, 
Earl of Philadelphia and Firman of New 
Braunfels, Tex. His mother, now 85 
years old, of Philadelphia, also survives. 
There are 5 grandchildren. 

He had written a large number of tech- 
nical papers and reports dealing with prop- 
erties and tests of engineering materials 
and especially standardization of specificea- 
tions and tests. He was a member of 
Sigma Tau and Sigma Xi, honorary socie- 
ties. 

The Society, which had been the focal 
point of his business and technical life, is 
this vear commemorating its 50th Anniver- 
sary during a week long meeting in New 
York City, June 23rd to 27th. At that 
time there will be greetings from various 
foreign delegates, many of whom Mr. 
Warwick personally contacted when he was 
in Europe late in 1951. 
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NEW LITERATURE 


Ampco News 


The Ist quarter 1952 issue of the Ampco 
Welding News has just been released by 
Ampco Metal, Inc., Milwaukee, Wis. 

Completely illustrated, this issue fea- 
tures the fabrication of aluminum bronze 
gear blanks using the inert-gas consumable 
electrode method. Other case histories 
give detailed information on the salvaging 
of seam welding and tube mill electrodes; 
the overlay of steel mill wobbler ends ard 
die casting plunger tips; the welding of a 
cast-iron transit pump cover, ete. All 
articles give complete welding information 
concerning the techniques and processes 
used, 

Your free copy is available by writing to 
Ampco Metal, Inc., 1745 8. 38th St., 
Milwaukee 46, Wis. 


Resistance Welding Book 


A new 32-page illustrated catalog of 
resistance welding materials has been pub- 
lished by Weiger Weed & Co., Detroit, 
Mich., division of Fansteel Metallurgical 
Corp. 

Nearly 700 different styles and sizes of 
resistance welding electrodes are listed, 
including the new Kaptrode type elec- 
trodes, designed to conserve copper. 
Numerous additions have been made to 
the line of cold-formed offset electrodes, 
irregular and gun welder tips 

The catalog also lists a large number of 
water-cooled holders, both ejector and 
nonejector types, both straight and offset. 

Readers may obtain copies of Catalog 
14.650-3 from Weiger Weed & Co., division 
of Fansteel Metallurgical Corp., 11644 
Cloverdale Ave., Detroit 4, Mich 


Cast-Iron Welding Alloy 


A new leaflet, TIS991, featuring actual 
case histories covering the use of “Eutec- 
Trode 27,”’ 
able, without charge, by writing Eutectic 
Welding Alloys Corp., Dept. “P,’’ 172nd 
St. and Northern Blvd., Flushing 58, N. Y. 


a cast-iron electrode, is avail- 


Welding Rod Coating Materials 


The Foote Mineral Co., 18 W. Chelten 
Ave., Philadelphia 44, Pa., has issued a 
deluxe pamphlet of 16 pages covering the 
welding rod coating material field com- 
pletely. It covers such subjects as: the 
coating materials chemical specifications, 
alloying materials, binders and slipping 
agents, fluxes and slag-forming materials, 
arc stabilizers and other valuable informa- 
tion. Copies available on request. 
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DryRod Electrode Oven 


The Philip Roden Co., 1721 E. Lake 
Bluff Blvd., Milwaukee 11, Wis., has just 
issued an attractive 6-page leaflet giving 
full information on its electrode oven which 
is designed to stop moisture pickup in 
mineral coated electrodes 


Welding and Riveting Larger 
Aluminum Structures 


The Aluminium Development Assn., 
33, Grosvenor Street, London, W. 1, has 
issued a book on the above subject con- 
sisting of 223 pages. This book includes 
the papers presented at a symposium on 
the subject together with preliminary re- 
marks, discussion and authors’ reply. 
There were two sessions, one dealing with 
welding and the other with riveting of 
aluminum and its alloys. Papers included 
argon are welding from the research and 
practical viewpoint, 


1951 Supplements to Book of 
ASTM Standards 


The American Society for Testing 
Materials announces that the 1951 Supple- 
ments to the 1949 Book of ASTM Stand- 
ards, which is issued triennially are now 
available 

With the 1949 Book of ASTM Standards 
and the 1950 Supplements, these 1951 
Supplements give in their latest form all of 
the ASTM specifications, tests, definitions, 
ete., excepting the chemical analysis of 
metals 

For further information, write to 
American Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa. 


Operating Data for Heliare 
Torches 


A convenient, pocket-sized folder con- 
taining operating data for Heliare torches 
has just been released by Linde Air Prod- 
ucts Co. Current ranges and electrode 
sizes for the standard tungsten and the 2% 
thoriated tungsten electrodes are listed in 
A third table covers the current 
and number of passes required to weld 
various metals. Also included are sugges- 
tions for conserving tungsten electrodes, 
of particular importance with tungsten in 
such short supply 

This folder may be obtained from any 
Linde office or by writing direct to Linde 
Air Products Co., a Division of Union 
Carbide and Carbon Corp., 30 E. 42nd 
St., New York 17, N. ¥ 


tables. 


New Literature 


Manganal Marketer No. 


Manganal Special Shape Applicator Bars 
for the repair of tractors is the subject ‘of 
the Manganal Marketer (Vol. 2, No. 11 
available on request from the Stulz-Sickles 
Co., 134-142 Lafayette St., Newark, N. J. 

Included in this publication is a table 
listing the lineal feet requirements for 
International, Caterpillar, Cletrac and 
Allis-Chalmers tractors. The repairman 
can estimate how much of the grouser has 
been worn away and pick the size bar which 
will bring the grouser up to original size 
from actual-size diagrams listed in the 
Marketer. 

Complete details for welding on the bars 
are supplied along with explicit directions 
and illustrations. Also offered are other 
Manganal applications for repairing bull- 
dozer blades, track rollers, drive sprot kets 
and idler wheels. 


Tempilstik® Instruction Sheet 


The Tempil Corp. of New York has pre- 
pared a supplementary instruction sheet 
which covers the recommended use of 
Tempilstiks® in a variety of industrial and 
research applications 

The usefulness of Tempilstiks® under 
special environmental conditions is dis- 
cussed and a number of procedures and 
techniques lor determining temperatures 
in unusual applications are described. 

Copies of this Tempilstik instruction 
sheet may be had by writing to Tempil 
Corp., 11 W. 25th St., New York 10, N.Y 


Shielded-Inert-Gas-Metal-Are 
Welding 
Advantages of argon-oxygen mixtures 


in shielded-inert-gas-metal-are welding of 
carbon steels are analyzed in a new book- 


let, Sigma Welding of Carbon Steels 

This 12-page study includes the effect of 
gas flow, current density and welding 
speed on porosity, and the effect of volt- 
age on penetration when using a 5% oxy- 
gen mixture. Rod burn-off and metal 
deposition rates for sigma and flux-coated 
electrode welding are also compared 

This booklet may be obtained from any 
Linde office or by writing direct to Linde 
Air Products Co., a Division of Union Car- 
bide and Carbon Corp., 30 E. 42nd St., 


New York 17, N. ¥ 


Booklet on Flame-Hardening 


Flame-hardening of steel parts is de- 
scribed in a new, 8-page, illustrated book- 
let, Flame-Hardening—A Flexible Method 


The booklet lists 


the advantages of flame-hardening, and 


of Surface Treatment 
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@ ARE THERE THREE 
GOOD WELDING ROD 
SALESMEN IN THE 
UNITED STATES? 


We Need Three More Regional 
Representatives: 1 Eastern, 
1 Mid-West, and 1 Far-West 


Opportunities like these seldom pre- 
sent themselves in the welding indus- 
try. We are a major manufacturer 
ot are welding electrodes. The boss, 
who is distributor-minded, who isn't 
dazzled by defense orders, and 
knows our future lies in expanding 
and completing a nation-wide dis- 
tributor sales organization, has told 
me to add three good regional sales- 
men—and he wants them now. 


We don't want mere order-takers. 
We don’t want men who'll just make 
routine calls on distributors. We 
don't want floaters who'll quit us 
because the work is too hard or be- 
cause someone else offers them a 
couple more temporary bucks. 


We do want: Men who have rea/ 
sales and engineering experience in 
the welding electrode industry 
Men who get a kick out of helping 
good distributors become even bet- 
ter... Men who can take a plan out 
into the field, obtain, set up, and 
hold new distributors... Men who 
can solve technical problems on the 
spot...Men who will learn our 
products, our policies, and follow 
out the only fi = policy that ever 
succeeds: one we all agree on, be- 
lieve in, and promote .. together ...as 
a team 


To these three men we offer: Secure 
executive positions with an estab- 
lished, growing company Gener- 
ous salaries and adequate expense 
accounts... Friendly, sincere bosses 
and associates genuinely interested 
in your success... An opportunity 
to make more money based strictly 
on your individual efforts, in the 
field, against fair quotas Now, 
if vou’re one of these men, write me 
in strictest confidence and tell me 
why I should hire you: Tell me 
where vou headquarter, how much 
territory you know and can cover, 
who vou know in the territory, what 
you can do for us, and how much 
Income you need to be happy. 
We're sincere about this—he sure 
Personal interviews will 
be arranged where warranted. Our 
own people know about this adver- 
tisement. 


you are 


ADDRESS: 
GENERAL SALES MANAGER 


Box V-272, The Welding Journal 


steels that can be hardened. Illustrations 
of several different types of applications 
show the wide variations that can be ob- 
tained from this process. 

This booklet may be obtained free from 
any Linde office or by writing direct to 
Linde Air Products Co., a Division of 
Union Carbide and Carbon Corp., 30 E. 
42nd St., New York 17, N. Y. 


Rapid Determination of Copper 
in Iron and Steel 


A rapid one-step procedure specifically 
designed for the determination of copper 
in alloy steel is described in summary 
Technical Report 1661 released in April by 
the National Bureau of Standards, U. 8. 
Department of Commerce. This NBS 
method was originally reported upon in 
“Photometric Determination of Copper in 
Iron and Steel with Diethyldithiocar- 
banate,”’ by John L. Hague, Erie D. Brown 
and Harry A. Bright, J. Research NBS, 
45, 380 (1951) RP 2265. 


Bulletin on Atomic-Hydrogen 
Are Welding Equipment 


A new, two-color, two-page bulletin on 
single-phase, 60-cycle atomic-hydrogen 
arc-welding equipment has been  an- 
nounced as available from the General 
Electric Co., Schenectady 5, N. Y. 

In addition to explaining the process of 
atomic-hydrogen welcing, the new bulletin 
(GEC-598A) gives a description of the 
recently power-generating 
equipment and lists its specifications, 
applications and advantages. It also 
covers the features of the company’s 
atomic-hycrogen torch. 


redesigned 


Bulletin on Are-Welding 
Accessories 


A new two-color, four-page bulletin on 
are-welding accessories has been  an- 
nounced as available from the General 
Electric Co., Schenectady 5, N. Y. The 
illustrated bulletin (GEC-864) covers 
more than a dozen holders, ground clamps 
and connectors, and cescribes the uses, 
operation and specifications of each — Fora 
copy of this bulletin write to the General 
Electric Co. at the above address. 


Welding of Kirksite Die Castings 


A new leaflet, featuring a reprint of ap 
article entitled “Zine Die Cast Can Be 
Welded”’ showing how Kirksite dies and 
other zine die castings can be welded with- 
out melting the parent metal, is available 
from Eutectic Welding Alloys Corp., 
Flushing, N. Y. 

The article contains case histories, 
photographs, data and technical informa- 
tion on the reclamation and repair of a 
massive Kirksite die as well as a delicate 
white metal seale balance arm. 


New Literature 


Copies of this new leaflet, TS 969, may 
be obtained without charge by writing 
Eutectie Welding Alloys Corp., Dept. 
172nd St. and Northern Blvd., 
Flushing 58, N. Y. 


Weldiag Aluminum Bronze 


Available is a 12-page reprint of a talk, 
“Welding Iron-Bearing Alpha Aluminum 
Bronze,”’ presented by F. E. Garriott, 
Manager of the Weldrod and Wire De- 
partment, Ampco Metal, Inc., Milwaukee, 
Wis., at the annual meeting of the Ameri- 
CAN WELDING Socrery. 

Profusely illustrated this booklet dis- 
cusses test results of the weldability 
characteristics of aluminum bronze sheet 
and plate. Charts, graphs and photo- 
graphs help describe welding techniques 
and processes such as carbon-arc, inert-gas 
metal-are, metal-are, inert-gas consumable 
electrode and submerged arc. 

Fabrications of aluminum bronzes and 
the welding processes used are also de- 
scribed. 

A free copy may be obtained by writing 
Ampco Metal, Ine., 1745 8. 38th St., 
Milwaukee 46, Wis. 


Brazing Manual 


A “Brazing Manual,’’ 16 pp., 6 x 9 in., 
illustrated, has just been published by 
All-State Welding Alloys Co., Inc., White 
Plains, N. Y. The publication is ce- 
signed particularly for the service trades. 
Containing Cata for brazing shapes, sheet, 
castings, tubing and assemblies of copper, 
brass, steel, aluminum and cast iron, it will 
be helpful to all who have such work to co. 

Copies of the new manual are available 
without obligation, from All-State Weld- 
ing Alloys Co., Inc., White Plains, N. Y., 
and from All-State distributors through- 
out the country. 


Cost-Cutting 


A new booklet outlining cost-cutting 
solutions to common problems in metallic 
arc, inert arc and other fusion welding of 
alloy steels, and describing the available 
types of Solar Flux, is available from the 
Flux Department, Solar Aircraft Co., 2200 
Pacifie Highway, San Diego 12, Calif. 

The booklet illustrates the sources of 
common difficulties in the welding of 
alloys. It also describes how Solar Back- 
Up Flux reduces welding time as it re- 
moves dirt and oxides, aids even penetra- 
tion, prevents burn-through, protects the 
back side of the seam and supports the 
molten weld metal 

Solar, one of the nation’s leading fabri- 
eators of alloy steels for jet engine com- 
ponents and other uses, developed four 
types of Solar Back-Up Fluxes to solve 
problems in the company’s own manufac- 
turing operations. These back-up ma- 
terials are now available to other firms 
engaged in alloy stecl welding. 


THe WELDING JOURNAL 


a i 
Agee 
a 
j "4 
— 
i 
ne 
| 
= 
528 


es them all... 


exacting applications! 


Square D mak 
for simplest oF mos 


se Machines 


for General Purpo 
For applications requiring widely varying 
, welding conditions, normal welding speeds 


and maximum simplicity- 


pe BBG-1 


ed Welding 
gunor stationary) 
cations where 


CLASS 8992 Ty 


for High Spe 
For production line ( 
welders and other appli 
high speed, high curren 
control are factors. 


ts or dual gun 


for Precision 
Welding 
For welding alumi- 
non-fer- 
ous 


pre 
times; ste 
control; slop 
taper control. 


or 


CLASS 8993 BDG-2 


earby Squer® 
rce of soun 

con- 
lication. 


You'll find your n 


Field Engineer 2 sou 
in selecting the we 


ted to your OPP 


T 
++, 


+ 


€ rt 1 rT +—+ + au 
we 
4 
| CONTRO He 
CLAss 0992 Tye 
i COMPANY 


PRODUCTS 


New Lightweight Electrode 
Holder 


A new, lightweight, 300-amp. electrode 
holder has just been introduced by the 
Tweco Products Co., known as the Model 
A-732 Twecotong Holder. It features a 
lightweight, high-copper alloy for maxi- 
mum conductivity. Raised upper lever 
allows plenty of room for the operator's 
hand with a welding rod in the jaws. 
Body and tip ends of the holder are in- 
sulated with Tweco’s Patented “‘Super- 
Mel”’ Insulators. Tip-end insulators are 
interchangeable. 


The New A-732 Twecotong Electrode 
Holder will handle from '/y.- through 
'/ in. electrodes. The welding cable may 
be soldered or clamped mechanically to the 
body of the holder. Only 9'/, in. in 
length, the new holder makes it easy for 
the operator to weld in those “hard to get 
at’’ places. The holder is especially de- 
signed for high-speed production, pipe 
welding and job shop work. 

Complete information, prices and speci- 
fications on this new holder and a com- 
plete line of are-welding cable accessories, 
is given in the No. 8 Twecolog which is 
available without charge from the Tweco 
Products Co., P. O. Box 666, Wichita, 
Kan. 


AC Welders 


Metal & Thermit Corp., New York, an- 
nounces a complete new line of AC welders. 
According to this company, the new 
welders incorporate three highly important 
features contributing to longer welder life, 
improved performance, and a high degree 
of operator acceptance. 

First of these features is insulation with 
silicone. Use of this new semiorganic 
insulating material supposedly provides 
greater overload capabilities, permits more 
compact, lighter weight design and pro- 
longs welder life. 

Second feature is the combination of 
low open circuit voltage with are stabiliza- 
tion, accomplished by incorporating capac- 
itors in the secondary circuit to provide 
an extra surge of current if the are starts to 
go out. It is reported that this results in 
smoother performance and elimination of 
“pop-outs.”” 
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Third feature is automatic hot-start 
which is intended to make are striking 
easy by providing just the right amount of 
current boost to start the are at any cur- 
rent setting without manual acjustment. 
The hot-start device is a simple relay and 
resistor combination connected across the 
transformer secondary in series and is fully 
automatic in operation. Controls of the 
mereury relay are sealed in and no main- 
tenance is required at any time. 

Complete information on the new 


welder line, mace in 200-, 300-, 400- and 
500-amp. ratings, is contained in a series of 
catalog sheets, each sheet for a cifferent 
size of welder, which are available on re- 
quest from Metal & Thermit Corp., 100 
Ek. 42nd St., New York 17, N. Y. 


Galvanized Coating Material 


The Metalloy Products Co., distribu- 
tors of Galvalloy, announce they have re- 
duced the bar length from 16 to 14 in. in 
length, thereby making the bar easier to 
use, as well as reducing the possibility of 
breakage. 


New Products 


Galvalloy is intended to bond to any 
metal without the use of flux. It is 
rubbed on the preheated surface and sup- 
posedly will bond to such an extent 
that it cannot be burned off, even though 
the base metal is heated to a cherry red. 

For further particulars, please write: 
Metalloy Products Co., 1351 BE. 17th St., 
Los Angeles 21, Calif. 


Aluminum and Stainless Steel 
Fluxes 


The All-State Welding Alloys Co., 
White Plains, N. Y., have announced a 
new welding flux which is equally effective 
as a paste or a powder. It is suitable for 
welding aluminum alloys and also for the 
gas welding of stainless steels. In this 
latter it is claimed that it does not break 
down temperatures required for the weld- 
ing of stainless steel. It is designated as 
All-State No. 35 Aluminum Welding and 
Stainless Steel Flux. 


Adjustable Welding Connector 


J. H. Williams & Co., manufacturers 
and sole distributors of Saxe Erection Units 
used in assembling structural steel for 
welding, announces the development of « 
new adjustable clip known as K3A 

This new clip offers a '/, in. adjustment 
which greatly facilitates the erection of 
welded-steel, multiple-story building con- 
struction. Column variations from a true 
straight condition, caused by tolerances 
which are permitted in mill-rolled columns, 
make the announcement of this adjust- 
ment feature welcome news to erectors of 
structural steel secured by welding. 

The new adjustable K3A clip provides 
easy adjustment in structural steel as- 
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sembly for the first time and it supple- 
ments the standard K3 connection long in 
use in the popular Saxe Welded Erection 
System. This System saves steel, pro- 
duces fabrication economies and speeds 
erection. Write to J. H. Williams & Co., 
400 Vulcan St., Buffalo 7, N. Y., and ask 
for Bulletin No. 5. 


Big Hole Turntable 


The Aronson Machine Co. announces 
the availability of their Model X-20115 
Big Hole Turntable designed for the pur- 
pose of mounting on a bench, the floor or a 
pit to rotate heavy, large diameters on the 
horizontal plane only for welding, paint- 
ing, cleaning, ete 


With the %in. hole in the center of the 
turntable, spindle shafts can be posi- 
tioned without special fixturing, according 
to the manufacturer. A minimum space 
is taken up by its compactness. Infinitely 
variable speeds of the worktable from zero 
to 1.2 rpm. handle a wide range of work. 
A remote push-button control and magne- 
tie reversing starter are standard equip- 


ment, 


Heavy-Duty Welding and 
Brazing Unit 


Called Porto-Weld, a new line of all-in- 
one heavy-duty welding and brazing units 
is announced by Generator Sales Co., 1627 
N. Damen Ave., Chicago 47, Ill, which 
also have built-in power equipment for 
grinding, buffing, polishing, sanding, brush- 
ing or sawing. This unit, according to its 
manufacturers, is extremely versatile, 
easily portable, and economical to use. 

Porto-Weld Mode] 2-A (see accompany- 
ing illustration) is in the form of two 
parallel] slightly staggered cylinders 12 in. 
long and 6 in. in diameter, mounted on a 
base approximately 13'/, x 15 in., with a 
large metal carrving handle rising in the 
center. 

The equipment includes: (a) Motor 
generator (manufactured by General Elee- 
trie Co. in accordance with the U. 8. Air 
Corps specifications) with life sealed ball 
bearings. No oil is necessary. The rotor 
is precision balanced to eliminate vibra- 
tions (b) Standard accessories such as 
buffing wheel, wire brush wheel, grinding 
welding cable, 
pulley 


disk, electrode holder, 
ground cable, single-groove se 
1'/, in. in diameter, sample electrodes and 


a welding shield. 
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Porto-Weld 2-A operates on 110-v., 60- 
cycle a,c. ord.e¢. Speeds range from 2000 
rpm to 10,000; 
amp. It has 8 welding ranges 

For additional information write directly 


amperage rating 0-150 


to General Sales Co. at the above address 


Heating Torch 


Industrial Engineered Products Co. of 
Los Angeles introduces its new heavy-duty 
lightweight Bazooka Torch It is 
extremely hot, vet comfortably cool. 

The self-cooled adjustable pistol grip 
handle may be easily moved close to the 
burner for better control or back away 
from the reflected heat of the work, 
Excellent for reaching heavy-duty jobs in 
“hard to get at”’ locations where a heavy 
Weigh- 


complete with hose as- 


concentration of heat is desired 
ing only 2 Ib., 
sembly, this unit produces a flame range 


Vew Products 


NOW READY— 
NEW LITERATURE 


Describing 


Sight Feed 


COMPLETE ACETYLENE 
COMPRESSING PLANTS 


Featuring The 


MODEL A-TWIN GENERATOR 


and 


MODEL M-1 COMPRESSOR 


If you are planning an acetylene 
compressing plant installation, or 
enlarging present production fa- 
cilities, write for catalog CP-152. 
This new literature fully describes 
Sight Feed’s Acetylene Compress- 
ing Plant Equipment. 


You'll read why the Model A-Twin 
Generator and M-1 Compressor 
are capable of producing larger 
quantities of acetylene in your plant 
at lower cost—and without the need 
for gas holders. 

You'll be surprised how simply 
and economically Sight Feed Plants 
can be assembled and safely oper- 
ated with a minimum of super- 
vision and maintenance. 


WRITE FOR YOUR COPY, 
TODAY! 


THE SIGHT FEED 
GENERATOR COMPANY 


West Alexandria, Ohio, U.S.A. 


Manufacturers of Welding Equipment 
For More Than 25 Years 


EQUIPMENT 
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line of resistance-welding products 


West Coast vase Burbank, California 


Put resistance 
welding costs 
on the 


AMPCO WELD’ 
holders to reduce 
downtime, step- 
up production 


There’s an AMPCO WELD® 
holder for every resistance- 
welding job — offset ejector 
holders, straight ejector hold- 
ers, universal ejector holders. 
All are leak-proof, Made of 
high- Ampco 
Bronze alloys, they meet or ex- 
ceed RWMA’ specifications to 
give you trouble-free operation, 

anges runs, reduced downtime, 

increased output. 


. AMPCO* 
Engineering Service 
when you need it 


Behind the famous AMPCO WELD® 


is a corps of experienced engineers, 
ready to help you solve your prob- 
lems, Just get in touch with us. 


AMPCO METAL, INC. 


It's production-wise to Ampco-ize! 


“Reg. U. 8. Pat. Off., Ampoo Metal, Inc., Milwaukee 
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from a soft, lapping flame of 5 in. long and 
in. in diameter to a large hard-blast 
flame of 20 in. long and 5 in. in diameter. 

The Bazooka was designed especially 
for the industrial field and is operated 
from standard liquid petroleum gas (bu- 
tane-propane) cylinders at tank pressure 


with no gas regulator required. Excel- 
lent for preheating and annealing opera- 
tions, rebabbitting bearings, large elec- 
trical cable soldering, solder wiping, large 
diameter copper sweat fitting installations, 
heavy steel metal soldering, melting out 
leaded soil pipe joints and numerous other 
operations where the use of a lightweight 
and flexible, but heavy-duty torch is re- 
quired, 

A new catalog showing the complete 
Torchmaster line is now available, without 
cost or obligation, by writing directly to 
Industrial Engineered Products Co., 7416 
Melrose Ave., Los Angeles 46, Calif. 


Portable Surface-Resistance 
Indicator 


A portable surface-resistance indicator, 
designed to provide a rapid and accurate 
measurement of the resistance between 
pieces of metal to be welded, has been an- 
nounced by the Special Products Division 
of the General Electric Co. 

The new device, developed by the com- 
pany’s General Engineering Laboratory, is 
intended to supply a simple check on pre- 
welding cleaning processes, upon which the 
surface resistance of the metal depends. 
Small changes in concentration or slight 
contamination of cleaning solutions cause 
to vary widely, G-E 
engineers said, and ultimately result in an 
unsatisfactory resistance welding bond. 

In resistance welding aluminum, for 
example, electrode pickup, inconsistency of 
welds and metal expulsion can be greatly 
reduced by knowing the surface resistance 
of the metal before welding, the engineers 
said. 


surfaces resistance 


The new equipment comprises two 
parts—a microhmmeter and a sample 
holder. The sample holder consists of an 


hydraulic ram which has a pair of current 
electrodes, emf. electrodes and a pressure 


New Products 


gage. The emf. electrodes are so spaced 
as to make the measurement independent 
of sample size, 

In operation, the sample pieces of meta! 
to be welded are placed between the jaws 
of the sample holder and subjected to the 
desired pressure. The surface resistance 
between the metal samples is indicated on 
the microhmmeter, which is connected 
electrically through an extension cable to 
the sample holder. The entire operation 
supposedly can be completed in a matter of 
seconds, 

The unit has two ranges: 0-200 and 
0-2000 microhms. The measured resist- 
ance is indicated directly in microhms on a 
linear 100-division scale. Voltage fluctua- 
tions in the supply mains do not affect the 
reading. 

The microhmmeter is 9' 
and weighs 23 Ib. The sample holder 
weighs 30 Ib., has a clamp throat depth of 
3 in., electrode clearance of 2 in., electrode 
surface radius of 4 in. and electrode diam- 
eter of °/, in. 


x 15x in, 


Repair of Oxyacetylene Hoses 


Gas Are Supply, 223 N. 
Philadelphia 2, Pa., has introduced a new 
“Fast Fix’’ kit for on-the-job repair of 
eutting and welding hose. Believed to be 
the first such kit ever offered, the “Fast 
Fix’’ is complete with all necessary tools 


16th St., 
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and replacement parts for (1) putting a 
new. nipple-ferrule-nut assembly on the 
end of a length of hose, (2) permanently 
splicing two lengths of hose, (3) tempo- 
rarily coupling two sections of hose. 
There is nothing makeshift about these 
operations (no clamps, etc.), the finished 
work being equal to that found on ythe 
original equipment, The great advan- 
tage, of course, is that hose repairs can be 
made immediately, on the job, without the 
delay and cost involved in taking hoses 
back to a dealer for repairs or for splicing 


‘Red Head" 
WELDING CLAMPS 


Designed 
for 
Welding 


For a catalog sheet or further informa- 
tion on the “Fast Fix’’ Hose Repair Kit, 


write Gas Are Supply, 223 N. 16th St., 


Philadelphia 2, Pa. No Threads 
To 
Women Welders’ Protective Damage 


Clothing 1 Case Hardened threads are 


always protected from weld : 
spatter and never exposed to damage t 
in open or closed position. 


Welders’ protective clothing, designed 
exclusively for industry's feminine workers, 
is announced by American Optical Com- 


pany, Southbridge, Mass The clamp body is cut from 
| 2. solid plate, thereby insuring ex- 
irer, 18 stvied to allow tree and easy treme rigidity and giving great re- | 


movement of the body; yet, it fits so sistance to bending or twisting. i 
snugly that there are no gaps or openings 
to permit entrance of flying sparks, Also, 
clothing is light in weight 
The new protective clothing is made of 
specially selected chrome tanned leather, 
simulating a soft, suedelike appearance 
Additional information may be had by 
writing to the American Optical Co., at 
the above address 


Heat treated chrome molybde 
3. num alloy handle offers great 
resistance to bending. 


23 stock sizes 
Cuicaco Boiter COMPANY 


1970 CLYBOURN AVENUE 
CHICAGO 14, ILLINOIS 


Engineering Laboratory [| How... 


Welding Engineer | ARC-DRIVE CONTROL 


Gradvate Engineer with two to four years’ experience 
in resistance and fusion welding to assist in aircraft 
design applications, processing problems and de- 
velopment work. Should be acquainted with types 
of welding equipment used on ferrous and non-ferrous 
metals and able to correlate design and metallurgical 
requirements with processing methods. 

NORTH AMERICAN EXTRAS—Salaries commensurate 


cool resp to arc-load changes 
++ Instantaneous recovery 
+Reduced are blow 


eee y 


Pp i ble by operator 
Westinghouse RA Welders with new 


with ability and experience ® Paid vacations ® A 
growing organization © Complete employee service 
program ® Cost of living bonuses ® Six paid holidays 
a year ® Finest facilities and equipment ® Excellent 
opportunities for advancement ® Group insurance 
including family plan ® Sick leave time off ® Trans- 
portation and moving allowances ® Employee Credit 
Union ® Educational refund program ® Low-cost group 
health (including family) and accident and life 
insurance ® A company 24 years young. 

WRITE TODAY—Please Write us for complete in- 
formation on career opportunities at North American. 
Include a summary of your education, background 
and experience. 


NORTH AMERICAN AVIATION, INC. 


Engineering Lab Personnel, Dept. E-6 
4300 E. Fifth Ave., Columbus, Ohio 


North American has built more airplanes than ony other company in the world 
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New Products 


positive arc-drive control now prevent 
shorting when used on “drag” welding 
applications. In addition, they allow com- 
plete penetration on root passes of vertical 
and overhead welds. Arc-drive control is 
obtained by adjusting the ratio of short- 
circuit current to welding current without 
changing open-circuit voltage. Actual 
amount of arc-drive current can be varied 
by the operator. 

For information on this improved RA 
Welder or other Westinghouse Welding 
Equipment, write Westinghouse Electric 
Corporation, Dept. DC 85, Welding Divi- 
sion, Buffalo, New York. }-21607-A-1 


Westing house 
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D-C Rectifier Welder 


CURRENT WELDING 


prepared by }. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 25, D. C. 


- Arc WELDING 

Mernop anp Gas Conrininc MEANS 

Arthur A. Bernard, Chicago, IL, as- 

signor to National Cvlinder Gas Co., 

a corporation of Delaware. 

By this method, a space around the are 
is enclosed to confine the arc-generated 
gas and a gaseous fluid lighter than the 
are-generated gas is continually intro- 
duced into this confined space above the 
lower end of the are. This enclosed 
space is vented at a level above the lower 
end of the are, and the introduction of the 
gaseous fluid and the venting is correlated 
to cause the are generating gas and the 
gaseous fluid to form separate bodies at 
substantially the venting level. The 
venting level is varied to shift the inter- 
face between the fluid and the gas to vary 
the rate of metal ceposition by the elec- 
trode. 
Casinet—Richard 

Ruemelin, Milwaukee, Wis. 

The patented welding cabinet has a top 
wall, a rear wall and an open front with 
1 baffle extending forwardly and upwardly 
of the cabinet from the rear wall. An 
elongated opening is formed above the 
baffle to connect the rear portion of the 
cabinet to the front portion. The en- 
closure has an exhaust vent communicat- 
ing with the rear portion of the eabinet 
and an exhaust blower has an inlet that 
communicates with the exhaust vent. 


Conrrot—Clarence 

B. Stadum, Buffalo, and William FE. 

Large, Tonawanda, N. Y., assignors to 

Westinghouse Electric Corp., East 

Pittsburgh, Pa., a corporation of Penn- 

sVivania. 

This welding control relates to a system 
for reducing spitting during spot welding 
of oxide coated metal. The system in- 
cludes the provision of means for passing a 
relatively low preheating current through 
the metal, means for applying greater than 
the predetermined forge pressure to the 
metal during flow of the preheating cur- 
rent, and means are provided for inereas- 
ing the preheating current to a predeter- 
mined welding value and for reducing the 
forge pressure to a predetermined forge 
pressure during a spot weld period follow- 
ing the flow of the preheating current. 


2,591,302—Seam Wenpep BLANKS AND 
Mernops or Makinc Tuem—Karl L. 
Schiff, Philadelphia, Pa., assignor to 
The Budd Ce., Philadelphia, Pa., a 
corporation of Pennsylvania. 


This method is for seam welding ad- 
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joining margins of two sheets together. 
It includes the step of arranging the mar- 
gins at a small angle to the normal diree- 
tion of movement of the sheets through a 
roller-welding machine, the normal diree- 
tion of sheet movement being at right 
angles to the axes of the welding rollers. 
The method comprises the step of guiding 
the sheets in the normal direction between 
the rollers which are of a width at least 
equal to the projection of the margins of 
the sheets on the axes of rotation of the 
rollers, 


2,591,582 Wetoine Transrormer-—-Gib 
Monette, Chicago, IIL, assignor to 
Atomiko, Ine., Chicago, IL, a corpor- 
ation of [linois. 

Monette’s transformer includes a closed 
primary magnetic core with a plurality of 
legs being joined by a plurality of vokes, 
and a primary winding encircles a leg of 
the core. A secondary winding is tele- 
scoped over the primary winding and has 
one side of its inner wall spaced a substan- 
tial distance from the outer wall of the 
primary winding. A secondary magnetic 
core extends from the yokes of the pri- 
mary core and passes axially through the 
space between the walls of the primary 
and secondary windings to be inductively 
interlinked with the secondary winding 
only. A tertiary winding is connected in 
series with the secondary winding and 
rectifying means are in circuit with the 
tertiary winding. 


2,591,809 —Arrararus ror WELDING 
SeaMs in Cylinpricat Vessets—Roy 
FE. Hanson, Altadena, Calif. 

Hanson's apparatus has an electrode 
carriage arranged for linear movement 
parallel to the seam to be welded and it 
pivotally suspends a welding head there- 
from. Additional means are provided 
to impart reciprocating motion to the weld- 
ing head in a plane transverse to the seam. 
These last-named means are of special con- 
struction. 


2,591,926—INert - Gas - Sue_pep - Arc 

Mernop—Glenn J. Gibson, 

Chatham, and Gilbert R. Rothschild, 

Somerville, N. J., assignors to Air Re- 

duction Co., Inc., a corporation of New 

York. 

This patent relates to are welding 
wherein the are is blanketed with a homo- 
geneous mixture of helium and argon in 
which 20 to 60% of the mixture by vol- 
ume is helium and the balance is argon. 


2,591,972 
Circevir 


Evecrric Suppry 
Charles KE. Slade, Wembley, 


Current Welding Patents 


and Arthur Kershaw, London, England, 

assignors to The Hartford National 

Bank & Trust Co., Hartford, Conn., as 

trustee. 

This patent relates to an electric weld- 
ing system for producing a welding voltage 
and it has special capacitive elements con- 
nected to a welding transformer. Several 
switches are in the apparatus and con- 
trolled by various means in the circuit to 
control the welding voltage. 


2,501,994—-Process or Brazing Tun 

Brass Memrers—Horace W. Alex- 

ander, Oakwood, Ohio, assignor to Gen- 

eral Motors Corp., Dayton, Ohio, a 

corporation of Delaware. 

Alexander's patented brazing process 
includes placing a thin brass brazing sheet 
material between the portions of the brass 
members to be joined and folding an edge 
portion of one of the brass members over 
an edge of the second brass member to 
clamp such members together with the 
brazing sheet material in between and 
leaving a slight crevice between the folded 
over portion and the adjacent portion of 
the second member. A special paste is ap- 
plied and is heated in a nonoxidizing at- 
mosphere to fuse together the adjacent 
portions of the brass members while ex- 
cessive distillation of zinc from the braz- 
ing material is prevented. 


2,592,505 Toor 
Wolfe, Milwaukee, Wis. 
This welding tool includes a wal! mem- 

ber forming a hollow elongated nozzle with 

an outwardly flaring intake opening in the 
side of the nozzle adjacent an end thereof. 

Air exhaust means connect to the opposite 

end of the nozzle for inducing air to enter 

this opening and flow therethrough, 


2,592,648—ComBINATION CLEAN- 
ING AND Toot—John W. 
Bowers, Wallingford, Pa., assignor to 
The Fibre-Metal Products Co., Chester, 
Pa., a corporation of Pennsylvania. 


John 


The combination tool of this patent in- 
cludes a handle with special brackets 
thereon for carrying a wire brush thereon. 
A chisel member is provided in an integral 
continuation of a bead portion on an ex- 
tension of the handle. 
2,593,374—Dror Forcep anv WELDED 

Brake Heap—Loren L. Whitney, Ham- 

mond, Ind., assignor to American Steel 

Foundries, Chicago, IIl., a corporation 

of New Jersey. 

This patent is on a special brake head 
wherein a weld is used to connect trans- 
verse webs in a brake structure. 
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SECTION AND 


Applied Welding Engineering 


Baltimore, Md.—The technical session 
of the April 21st meeting of the Varyland 
Section was preceded by showing of a 
film “Pipeline to the Sky” through the 
courtesy of the General Electric Co. This 
excellent film illustrated the part that 
nature plays in the development of our 
vital water supply and need for conserva- 
tion and care on our parts to maintain the 
supply at an adequate level. 

The technical speaker was Roger W 
Clark, AWS, Steam Turbine Division, 
General Electric Co. Mr. Clark gave an 
excellent talk on “Welding Fabrication for 
High Temperature Application.” As the 
first part of his talk Mr. Clark showed the 
AWS Strip film “Applied Welding Engi- 
neering”’ to illustrate that the problem to- 
day is not necessarily to sell welding but to 
sell the proper application of it. In the 
second part of the talk, Mr. Clark further 
carried out the theme of the film by pre- 
senting an application on steam turbines 
which illustrated that even on one applica- 
tion many different service requirements 
may be encountered. Responsibility for 
any joining process lies with the engineer 
He must be aware of the service conditions 
to be encountered and make sure that the 
weld as designed and produced will do the 
job. In the design of a turbine there are a 
changing set of conditions of temperature 
and pressure in different sections of the 
turbine requiring different materials and 
fabrication procedures to suit the require- 
ments peculiar to the individual sections 
Quality control is another very important 
factor used as a frequent check on the end 
product. It has been found that appear- 
ance and soundness of a weld are closely 
allied and provide a constant check for use 
throughout the welding process. One ex- 
cellent method for attaining quality in the 
welds is to provide for comparison a speci- 
men made up of typical welds of good 
quality similar to joint designs to be en- 
If you 
can establish before production what the 


countered in the finished product 


requirements are from an engineering 
standpoint and combine design with qual- 


ity control, you can fabricate a better ~ 


Also to be kept in mind is the 
fact that the proper application of welding 


product 


must include consideration of all three 
phases of the production cycle: design, 


manufacture and quality control 


Why Did It Fail? 


Bethlehem, Pa.— Approximately twenty 
six members and guests attended the 
Lehigh Valley Section dinner held at the 
Hotel Bethlehem, Bethlehem, Pa., on 
April 7th. J. E. MeCracken, Sales 


neer, Highway Specialties, Bethlehem 


June 1952 


as relayed to C. M. O’Leary 


Steel Co., gave a short introductory talk 
in connection with the colored moving 
picture entitled “The Open Road” pro- 
duced by the Bethlehem Steel Co. This 
very interesting picture showed the many 
uses of steels in modern highway construe- 
tion 

Sixty-four members and guests were 
present for the technical meeting which 
followed. M. V. Herasimechuk, Mainte- 
nance Metallurgist for the Bethlehem Plant 
of the Bethlehem Steel Co. gave an in- 
structive talk on analyzing and correcting 
chronic equipment failures. If the meas- 
urements of location of failure are constant, 
check the design If the measurements of 
location of failure are not constant, check 
He also stated 
that engineers must recognize that alter- 


the metallurgical history 


nating loads reduce the materials tensile 
Slides were used to effectively 
illustrate the points made in his talk 

Mr. Herasimehuk graduated from Mas- 


strength 


achusetts Institute of Technology with a 
B.S. degree in Metallurgical Engineering 
in 1939 He started working for the 
Bethlehem Steel Co, in the same year and 
has worked in the Forging Department, 
Heat Treating Department and Metal- 
lurgical Laboratory. At present he is 
Maintenance Metallurgist for the Bethle- 
hem plant 


Structural Welding 


Birmingham, Ala.—I.a Motte Grover, 
AWS, Structural Welding Engineer, Air 
Reduction Sales Co., was the principal 
speaker at the final meeting of the Bir- 
mingham Section for the 1951-52 season. 
The meeting was held April 9th and was 
preceded by a dinner at Hooper's Cate 

“Practical Aspects of the Design and 
Fabrication of Welding Steel Construc- 
tion” was the topie Mr. Grover selected to 
discuss 

In his address Mr. Grover emphasized 
the many advantages resulting from the 
adoption of welded construction by design- 
ing engineers, architects and owners for 
He also told of the un 
usual progress made in welded structural 


their structures 


work in areas where designing engineers, 
architects and fabricators with the neces- 
Birmingham 
was mentioned as one such area where 


sary know-how team up 


several architects and engineers have 
joined with The Ingalls Iron Works Co., a 
pioneer in welded structural work, to 
utilize welding’s advantages 

Quoting K. H. Gayle, Jr., Ingalls’ 
President, Mr. Grover, added “Ingalls is 
one of the few major fabricators which of- 
fers a definite cost saving through the use 
of welding in lieu of riveting, There may 
be cases where the use of welding will not 
afford such saving, but we have failed to 


Section News and Events 


find such a case. This statement is a care 
fully considered one made on the basis of 
experience obtained from dozens of switch- 
overs from riveted to welded construc 
tion.” 

Mr. Grover has been associated with Air 
Reduetion Co. during the past 12 years, 
assisting designers, fabricators, railroads 
and shipbuilders in the development of de- 
sign practices and fabricating procedures 
for welding. He is author of Manual of 
De sign for Are Welding Structures as well 
as many technical papers on welding 
He is Chairman 
and member of many committees of the 
AmerIcAN WeLDING Society and the 
Welding Research Council, a member of 
the American Society of Civil Engineers 
and the American Society for Metals, and 
is a registered professional engineer 

The Birmingham Section is sponsoring 
the formation of two new Sections or Sec- 
tion Divisions of the Society in the North 
Alabama area and two organizational 


methods and procedures 


meetings have been held at Decatur, Ala 
Approximately 175 engineers and execu- 
tives in the area were invited to the first 
meeting on March 14th, and 35 persons 
other than the organizing group attended 
John B. Wood, Public Relations Director 
for the Decatur Lron and Steel Co., told 
the “Disco Story” that adroitly coupled 
the company’s history with welding. Jo 
Magrath, National 
Society, attended this first meeting as did 
District Vice-President J. U. Durham 
The meeting served as an excellent indica- 
tion of interest in Society activity in the 
area and it was decided to work toward 


Secretary of the 


two Sections or Section Divisions, depend- 
ing on the number o 
up. 

One Section will be located at the Tri- 
City area of Florence, Sheffield and Tus- 
cumbia, Ala., and dues have already been 
collected for 43 new members As the 
minimum number of 50 members required 
for a new Section will certainly be ex- 


members signed 


ceeded, plans have been made to present 
the dues collected for the new members 
and a petition tor a Section Charter to a 
representative of the Soctery at a dinner 
meeting to be held April 25th, at the 
Muscle Shoals Hotel in Sheffield 

Another Section or Section Division will 
be built around new memberships in the 
Decatur-Huntsville area Decatur and 
Huntsville are both industrial communi- 
ties located 35 miles apart A second 
meeting was held at the Decatur Trade 
School on April 11th, with 35 persons from 
only the Deeatur-Huntsville area attend- 
ing. La Motte Grover presented the same 
talk previously given before the Birming- 
ham Section in order to show prospective 
members just what they could expect in 
the way of Section activities. Mr. Grover's 
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Company, Tuc. 


formerly Weldit Wire Co., Inc. 


WIRE FOR WELDING, 
SUPPLIES FOR WELDING 


WELDSPOOL 43S ALUMINUM 


PIONEERS in the proc- 
essing and precision spool- 
ing of electrode wire for the 
“SHIELDED INERT GAS 
METAL ARC WELDING” 
processes. 


SPECIALISTS in the manu- 
facture of “COATED ARC- 
WELDING ELECTRODES” 
for 

Aluminum 

Stainless Steel 

Alloy Steels 

Bronzes 

Hard Surfacing Applica- 

tions 

FOR REDUCED COSTS 
and metallurgically sound 
welds, adopt Weldspool 
Electrode Wire and Weld- 
best coated electrodes for 
your arc welding projects. 


Philadelphia 25, Pa. 


WELDWIRE COMPANY, INC. 


N.W. Cor. Emerald & Hagert Sts. 
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talk was well received and he was held 
long after adjournment time by questions 
from the floor. 

During the business session of this 
second meeting at Decatur it was decided 
that a stronger Section could be built by 
Decatur, Huntsville and other nearby 
communities joining together in one large 
Section. Therefore, another meeting was 
scheduled for May th, at which time it is 
expected enough new members will be 
signed up to petition for a Section Charter. 
It was also decided that if the area was 
somewhat short of the required 50 mem- 
bers for a new Section, then a Section 
Division of the Birmingham Section would 
be established until the required number 
of members was obtained. 


Annual Meeting 


Boston, Mass.—-The Annual Meeting of 
the Boston Section was held on April 14th 
in the Graduate House, M.1.T., Cam- 
bridge, Mass. After the usual cocktail 
and social hour the members and guests 
enjoyed a good dinner at which the So- 
ciety was honored by the visitation of 
Phil Rugg its former Secretary and Treas- 
urer for many years. Mr. Rugg is now 
President of The Engineering Societies of 
New England. 

A certificate of appreciation for his work 
and interest in the Section was presented 
to Herbert Austin by Mr. Miller of the 
Committee of Awards. This certificate 
indicated the years of service devoted to 
the Chapter including the Chairmanship 
for the years 1946-48. Mr. Austin re- 
sponded with one of his usually fine talks. 
The speaker of the evening, Clement A. 
O'Bryan, Special Agent of the Federal 
Bureau of Investigation, gave an interest- 
ing account of the growth of the F.B.I. 
from its start by Theodore Roosevelt in 
1908 to the present time and mentioned 
some of the interesting criminal cases that 
were solved in the Boston District. This 
was followed by a technical movie “The 
Making and Shipping of Steel,” through 
the courtesy of the United States Steel 
Co. 

The following officers were declared for 
election for the year 1952-53: P. Edward 
MeKenna, U.S. Steel Supply Co., Boston; 
Francis L. Brandt, Jr., Thomson Electric 
Welder Co., Lynn; Louis I. Dexter, 
Rumford Steel Products, Ine., Providence, 
R. I.; Hermon L. Toof, Providence Steel 
& Lron Co., Providence, R. 1.; Edward V. 
Konetchy, Walworth Co., South Boston; 
Albert O. Wilson, Jr., A. O. Wilson Struc- 
tural Co., Cambridge; and H. Hugo Stahl, 
Stahl Equipment Co., Brookline 


Shipyard Visit and Shipbuilding 
Session 


Boston, Mass. An unusually interesting 
meeting of the Boston Section was held on 
March 27th in conjunction with a visit to 
the immense Quincey Shipyard of the 
Bethlehem Steel Co. The meeting was ar- 
ranged as a joint meeting of the Boston 
Section of the AWS and the Boston 
Chapter of the ASME. 

Approximately 180 members of both 
organizations almost equally devoted 
among membership of the two societies 
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joined in a dinner at the Administration 
Building Restaurant. H. K. Barton of the 
Shipbuilding Division of the Bethlehem 
Steel Co. welcomed the two Societies to 
the Shipyard and introduced the speaker 
of the evening, Capt. F. H. Whitaker, U.S 
Supe rvisor of Shipbuik ine who talked on 
“Some Aspects of the Navy Shipbuilding 
P.ogram.” This interesting paper was 
followed by a motion picture “This Is 
Your Navy.” 


Welding in Heavy Industry 


Buffalo, N. Y.—The Niagara Frontier 
Section held its regular monthly dinner 
meeting on April 24th at the Sheraton 
Hotel in Buffalo. Forty-eight members 
and guests were present at dinner while 57 
attended the technical meeting which fol- 
lowed. H. (Jerry) Ralston, United States 
Steel Corp., read an excellent paper on 
“Welding Applications in Heavy In- 
dustry.” Mr. Ralston’s nontechnical 
paper was of general interest to all. 

This was the last meeting of the season. 
The annual spring dance is scheduled for 
June 6th when the duly elected officers 
will be installed. 


Annual Structural Meeting 


Cleveland, Ohio— Dr. Harry ©. Board- 
man, AWS, Chicago Bridge and Iron Co., 
was the technical speaker at the annual 
structural meeting of the Cleveland Section 
held on April 9th at the Hotel Allerton 
Eighty-five members and guests were pres- 
ent to hear Dr. Boardman talk on ‘“Weld- 
ing in the Future.” 

At the predinner get-together guests 
were introduced, among whom were 
Myron Stepath, Puget Sound Section 
Past-Chairman, and Fred Tate, Pitts- 
burgh Section Past-Chairman. 

The meeting was opened by Chairman 
John Austin who reported that a plant 
visit to the Euclid Road Machinery Co 
was enjoyed by 75 members who had their 
eyes opened by some of the production 
welding done on Euclid’s 50-cu. yd. 
trucks. 

The National Director, Mike Shane, 
former section Chairman, spoke briefly 
on behalf of the section membership in 
recognizing the services of Past-Chairman 
Cal Wyss. A pin was presented to Mr 
Wyss. 

A briet talk by Donald Sargent on “‘In- 
vestment Stock Buying’ preceded the 
technical session. Mr. Sargent is a mem- 
ber of the firm of Saunders, Stivers and 
Co. After discussing various phases of in- 
vestment buying, Mr. Sargent gave his 
opinion that we are in for a period of fur- 
ther inflation and that common stocks are 
a good hedge against this. 

The coffee talks have been arranged for 
the section this year by Ross Yarrow, 
AWS. 

Dr. Boardman opened his remarks with 
a brief discussion of the difference in be- 
havior of carbon steel in riveted structures 
and welded structures. He indicated one 
reason some structural people worry about 
welding is because carbon steels do not be- 
have the same at low temperatures as they 
do at ambient temperatures, especially in 
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|; you see the lower drum of a large sta- 
tionary boiler. All seams of the shell are welded. 
So are the extensions and elbows. And every 
weld has been radiographed to prove it sound. 
For radiography would reveal any serious lack 
of fusion or gas porosities. 

Knowing each weld to be sound, the designer 
of a pressure vessel can save weight, cut cost, 
and improve its efficiency. 


RADIOGRAPHY... 


another important function of photography 


BIG JOB 
for 
welding... 


and RADIOGRAPHY 


adds 


This is why the use of radiography is widen- 
ing the opportunities of welding—why it can 
increase your business, 

If you would like to know more about how it 
can help you, get in touch with your x-ray 
dealer and talk it over. ; 
EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, New York 
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the presence of notch effect. His remarks an Honorary member and past-president Conference on Electric Welding 
led to the conclusion that the quality of of the American WextpinG Socrery. He 
steel used is one major importance and received the Society's Miller Medal in Detroit, Mich.—A detailed report by B. 
urged an effort to encourage mills to pro- 1942. Dr. Boardman was introduced by Ek. Rossi, AWS, on the Third Conference 
duce tougher carbon steels. He cited a Bob Henry, Technical Chairman. on Electric Welding held in cooperation 
test made at various temperatures on Mr. Henry also announced the 13th An- with the Detroit Section and the Detroit 
girders made of killed and semikilled steel. nual Welding Symposium, sponsored by Industrial Electrical Engineers’ Society is 
The killed steel girders all deflected con- the Cleveland Section, to be held on given elsewhere in this JouRNAL. 
siderably more than the semikilled girders Friday, May 9th, at the Hotel Allerton 
and those tested at ambient temperatures starting at 12 o'clock noon. He said that Weld Cracking 
deflected 16 in. and still had not failed. Dr. the space for educational exhibits had al- 
Boardman urged the development of tests ready been oversubscribed and that a good Erie, Pa.—-‘‘Weld Cracking and Poros- 
by mills to determine if steels being made exhibit was assured. The technical speak- ity” was the subject of a talk given by 
are tough at low temperatures, especially ers for the afternoon: R. C. Glatz, AWS, Julius Heuschkel, AWS, Manager, Weld- 
in the presence of notch effect. Perfection Stove Co.; Nick Jessen, AWS, ing Section, Research Laboratory, West- 
Dr. Boardman then reported some of the Babcock and Wilcox; and La Motte inghouse Electrie Corp., at the April 22nd 
activities of the Welding Research Council Grover, AWS, Air Reduction Sales Co. meeting of the Northwestern Pennsylvania 
of which he is chairman. A new steel is Dinner speaker: Dr. Ralph L. Lee, AWS, Section held in Siebenbuerger Hall in Erie, 
being tested at Rensselaer Polytechnic In- of the General Motors Corp. Pa. 
stitute which can be used up to 50,000 psi. Mr. Heuschkel has made exhaustive 
Tests are also being made to determine studies of weld cracking and porosity and 
how effective are various methods of stress Weldments the procedures necessary to eliminate this 
relieving. M.L.T. is testing to determine major cause of weld failure. A short film 
the spacing of stitch welding under various Denver, Col.—G. E. Linnert, AWS, and slides were used to illustrate the talk. 
conditions. Columbia is testing wide Armco Steel Corp. was the guest speaker at A social hour and dinner preceded the 
flange beams for shock loading. the April 15th dinner meeting of the technical meeting. 
His closing remarks encouraged design- Colorado Section held at the Shirley Savoy 
ers and engineers to use their imagination Hotel, Denver. As an afterdinner feature, Welded Fabrication 
in applying welding, using different and 67 members and guests were treated to an 
new shapes, using a variety of different unusual talk on “How the Federal Re- Fort Wayne, Ind.—The Anthony Wayne 
materials, all made possible by the welding serve Bank Functions” given by W. Duck Section held its regular monthly meeting 
process. He warned not to be tied down of the Federal Reserve Bank of Kansas at the Indiana Technical College, Fort 
by hide-bound convention in our thinking City. Mr. Linnert’s extemporaneous talk Wayne, on April 18th. 
about welding in the future. * on “Stainless Steel Weldments” was ex- La Motte Grover, AWS, Welding 
Dr. Boardman is Director of Research cellent in quality and technical in nature. Engineer, Air Reduction Sales Co., New 
for Chicago Bridge and Iron Works. He is Slides were used to illustrate the talk. York, was the principal speaker. His il- 
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lustrated subject was on “‘Welded Fabrica- 
tion.” 

Mr. Grover talked on are welding 
bridges and buildings and structural work. 
He mentioned by special engineering and 
testing agencies many problems had been 
worked out for welded designs. The com- 
bination of architects and designers for 
structural engineering heve played a great 
part in welded construction. A structure 
must be designed to have ryserve strength 
and in the building of bridges and rigid 
frame structures, as much as 30°) of the 
weight had been done away with, by using 
a welded design, since large gussets and 
splice plates for riveting were not used 
Mr. Grover said butt welds were used 
wherever possible as they were easier to 
fit and gave better welds. Butt welds 
stood more impact better than fillet welds, 
and full strength of metal was produced in 
a butt weld. He also said that the welding 
design in many cases depended on lineal 
feet of welding and how much was actually 
needed to reduce the cost of a welded job 
over riveting. In many buildings and 
structures some of the material was 3 in. 
thick and welding has advantages over 
riveting since no drilling of holes was 
necessary. After the meeting Air Reduc- 
tion Sales Co. showed a sound and color 
picture of inert welding “Aircomatic”’ 
which was very interesting and a beauti- 
ful demonstration of this type of weld- 
ing. Forty-three members and guests 
attended the meeting. 
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Annual Spring Symposium 


Grand Rapids, Mich.—The Annual 
Welding Conference and Symposium given 
by the Western Michigan Section was held 
on Friday, April 18th, at the Grand Rapids 
Public Museum 

General Chairman of the day was 
Herbert Knape, AWS, Welding and Proe- 
ess Engineer of the Jarecki Machine and 
Tool Co 

Fifty-seven registered for the morning 
event, which included the following: 


9.00 A.M. to 10.15 A.M. 
Chairman: Glenn Hickok 
Subject: Resistance Welding for Pro- 
duction 
Speaker: William R. Plummer, AWS, 
Vice-President, Progressive Welder 
Sales Co 
10.30 A.M. to 11.45 A.M. 
Chairman: R. E. Kemp 
Subject: Welding of Aircraft and Jet 
Alloys 
Speaker: William J. Farrell, AWS, 
Engineering Dept., Sciaky Bros., 
Ine 


Twenty-six more registered for the after- 
noon sessions making a total of 83 regis- 
trations for the day. 


1.00 P.M. to 2.45 P.M. Chairman: P 
Wagner. J. F. Stitt, AWS, Research 
and Welding Engineer for the R. C. 
Mahon Co. gave a very interesting 
talk and demonstration on ‘Flame 
Straightening and Effects of Heat on 
Welding Structures.” 

3.00 P.M. to 4.50 P.M Chairman: 
Chet Voorhorst. The final lecture of 
the day was given by J. P. Berkeley, 
AWS, Manager of the Danville Preci- 
son Tool Co Mr Berkeley had 
several samples and lectured on Spe- 
cial Fixtures for Automatic Are Weld- 
ing 

The day was climaxed by a banquet at 

the Westminister Presbyterian Church. 
As trout season opened that week, a film 
entitled “A Trout-Fisherman’s Dream” 
was shown The main speaker of the eve- 
ning was Dr. Guy H. Hill, Director of 
Office of High School Cooperation, Michi- 
gan State College. His subject was “He 
Who Laughs—Lasts.”” Dr. Hill is an ex- 
cellent speaker and all present agreed after 
hearing Dr. Hill that they would last as 
they surely laughed and several have 
asked to have him return for next year’s 
symposium banquet 


Annual Plant Visit 


Hartford, Conn.—This year, in con- 
junction with the Boston, Bridgeport, 
Springfield and Worcester Sections of the 
AWS, the Hartford Section arranged an ex- 
ceptionally interesting afternoon and eve- 
ning on Thursday, April 17th. A guided 
tour, starting at 2 P.M. through the Bige- 
low-Sanford Carpet Co. in Thompsonville, 
covering nine miles and taking 3 hours, 
was enjoyed by the 80 members and at- 
tendants. The members were shown the 
intricate and complicated operations in- 
volved in the manufacture of various types 
of carpets. The tour started with the 
incoming raw wool and followed the proc- 
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essing and machining right through to the 
finished carpet. The guides explained each 
step as they went along. Cocktails and 
dinner followed at the Mountain Laurel 
Inn. District Vice-President FE. N. Adams 
spoke briefly on the activities of his dis- 
trict. I. Morrison, Membership Chair- 
man, spoke on membership drive and con- 
gratuled S. Zane, Local Membership 
Chairman, on the best national record to 
date. Mr. Morrison entertained the 
gathering with lots and lots of jokes 4 
20-minute address was given by John M 
Roddy, Bigelow-Sanford Plant on “Main- 
tenance of Machines and Buildings.”’ This 
was very good. A 25-minute address was 
given by William H. Furey of Bigelow’s 
organization and Procedures Division on 
“The Carpet Industry Then and Now.’ 
This was also very interesting 


Preheating for Welding 


Houston, Tex.—Arthur B. Tesmen 
AWS, Tempil Corp., New York, gave an 
extemporaneous presentation on Pre- 
heating for Welding” at the April 24th 
dinner meeting of the Houston, Section held 
in Oberholtzer Hall, University of Houston 
Kighty-two members and guests heard this 
illustrated technical talk which covered 
applications of welding 

A sound color film “Let's Go Fishing 
was shown through the courtesy of the 
Humble Oil Co. 


Welding Procedures 


Indianapolis, Ind.—‘Proper Applica- 
tion of Welding Procedures’’ was the sub- 
ject of an illustrated talk given by 8S. A 
Greenberg, AWS, Technical Secretary, at 
the March 28th dinner meeting of the 
Indiana Section held at Buckley's Restau- 
rant in Cumberland, Ind. Mr. Greenberg 
followed this with a discussion of welding 
codes, their current development and 
general acceptance by various government 
agencies and the public 

J. G. Magrath, AWS, National Secre- 
tary and several members of the New York 
Section, AWS, who were attending the 
IAA Convention were also present Mr 
Magrath gave a brief talk on the AWS 
functions at headquarters, their value and 
service available to each section and 
member. 


Weldments 
Kansas City, Mo.—The April 17th 


meeting of the Kansas City Section was a 
joint meeting with the American Society 
for Metals. An excellent meeting was en- 
joyed with 83 present at dinner and 102 
attending the meeting that followed 
Chairman Les Powers introduced the 
speaker for the evening, G. E. Linnert, 
AWS, of the Armco Steel Corp Mr 
Linnert spoke on “Stainless Steel Weld- 
ments.”’ His excellent talk gave much in- 
formation on the materials involved in 
stainless steel weldments Comments 
were made on the progress in joining the 
less-weldable grades, like free-machining 
Steels. General recommendations were 
made for selecting the proper grade elee- 
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“CONNECT WITH TWECO” 


CABLE SPLICERS 


A permanent splice to repair broken weld- 
ing cables. Install with a wrench (or solder 
if desired) for a quick and efficient con- 
nection. Insulated with a tough fiber 
sleeve. 3 sizes for cable #6 through 4/0. 
Use TWECO cable connections to improve 
your welding efficiency. 


WICHITA, KANSAS 


trode to weld standard grades of base 
metal. A description of the welding prop- 
erties was given for the newly developed 
grades of stainless steels, such as the extra- 
low-carbon materials and the precipitation 
hardening alloys. He also gave the latest 
information on methods of cleaning stain- 
less steel weldments. 

Allen Wisler, Vice-President, District 6, 
was present and spoke briefly. 

A movie entitled “Playing Ball with the 
Yankees" was shown and enjoved by the 
group 


Resistance Welding Applications 


Minneapolis, Minn.--The April 14th 
meeting of the Northwest Section held at 
the Covered Wagon was an outstanding 
one from the standpoint of interest in the 
subject of “Resistance Welding Applica- 
tions”’ as discussed by Edwin A. Mallett, 
AWS, of the Taylor-Winfield Corp. This 
was evidenced by the fact that the meeting 
was attended by 92 members and guests. 
‘The dinner was preceded by the customary 
social period known as the Happy Half 
Hour at which the Air Reduction Co. were 
the hosts. 

After the dinner Mr. Mallett was in- 
troduced by Chairman Hixson. Mr. 
Mallett presented an interesting 90- 
minute talk on the requirements of product 
design for assembly by resistance welding. 
At the close of the talk there was an active 
question-and-answer discussion of the 
various phases of the talk. 
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Symposium on Cutting 
Stainless Steel 


Newark, N. J.—The April 15th meeting 
of the New Jersey Section was devoted to a 
symposium on cutting stainless steel. The 
meeting was held at the Essex House in 
Newark. The first paper by J. R. Kirwin 
of the Air Reduction Sales Co. on “Flux 
Injection Cutting” dealt with both the 
original flux for injection cutting which 
was suitable for 18-8 and lower alloy ma- 
terials, and also a new and improved flux 
for 25-20 and higher alloy materiais. Mr. 
Kirwin mentioned that the chief require- 
ments for flux are low cost, good storage 
ability, safety in use and effectiveness in 
fluxing the chromium oxide from the mol- 
ten metal in the cutting area. 

The second paper on powder cutting by 
J. E. Taylerson, AWS, of the Linde Air 
Products Co., reported that the use of 
iron powder produced a very high heat and 
also provided fluxing of the molten metal 
in the cutting area. This process was suit- 
able for cutting stainless steel for obtain- 
ing quick starts without preheat on carbon 
steel and for cutting material with a high 
percentage of refractory constituents. 

A short paper by D. C. Mockus, AWS, of 
the Arcos Corp., on “Oxy-Are Cutting” 
described the oxy-are process and equip- 
ment. This consisted of a hollow flux- 
coated electrode through which oxygen is 
fed. With this process temperatures at 
10,000° F. are reached and a somewhat 
larger kerf and rougher surface are ob- 
tained than with the above-mentioned 
processes. Operation was very good for 
piercing stainless steel. 

The fourth paper on ‘“Arcair Cutting,” 
presented by M. D. Stepath, AWS, of the 
Areair Co., described the Arcair cutting 
equipment and process. This consisted of 
a carbon electrode and high-velocity jet 
of air which serves to blow the molten 
metal created by the are out of the reaction 
zone. In a few cases a flux-coated elec- 
trode is employed. It was pointed out 
that the cut or gouge is made so quickly 
that very low temperature increases and 
very little distortion is noted in the base 
plate. A temperature of 250° would be 
reached, whereas with other cutting proc- 
esses this temperature would be from 600 
to 700°. 

G. FE. Bellew, of the Air Reduction Sales 
Co., led the discussion. 

An extra added feature was the showing 
of a 16mm. sound film on “Events in 
Madison Square Garden.” 


Repairing Tools and Dies 


Olean, N. Y.—Thirty-eight members 
and guests attended the April 21st meet- 
ing of the Olean-Bradford Section held at 
the L’Aleove Castle Restaurant, Olean, 

Following the dinner, Herbert Rogers, 
Chairman of the Section, introduced W. 
W. Shackleford, Regional Manager for 
Eutectic Welding Alloys Corp. Mr. 
Shackleford gave a lecture on repair and 
building of dies by welding. Following the 
lecture slides were shown on repairing 
tools, such as milling, cutters, drills and 
broaches with their low-temperature weld- 
ing alloys 
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Through the courtesy of the Abbott 
Machine Co. and Edward C. Straub, 
AWS, the meeting was adjourned to their 
shop, where Mr. Herrick and D. Erhart, 
AWS, District engineers for Eutectic, dem- 
onstrated their new Chamfer Trode. It 
is a reversed rod used for chamfering, cut- 
ting and gouging steel and cast iron. The 
atomizing action of this electrode leaves 
the base metal relatively cold. 

The next meeting will include «a plant 
Visitation. 


Submerged Arc Welding 


Peoria, Ill.—Harold Baldwin, AWS, R. 
G. LeTourneau, Inc., spoke extemporane- 
ously on the subject “Application and 
Savings with Manual Submerged Are 
Welding” at the April 16th dinner meeting 
of the Peoria Section held at the Sazarac 
Restaurant, this city. Mr. Baldwin’s re- 
marks covered new methods, applications 
and processes. The meeting was well re- 
ceived and numerous questions were asked 
during the meeting. 
followed. There was an attendance of 83 
at the meeting. 


A short discussion 


Inert Are Welding 


Phoenix, Ariz..-The regular monthly 
dinner meeting of the Arizona Section was 
held at the Hotel Westward Ho, on April 
16th with over forty members and guests 
present. 

The principal speaker of the evening was 
R. A. Hay, AWS, Process Service Repre- 
sentative of the Linde Air Products Co., 
Los Angeles, who spoke on “New De- 
velopments in Gas-Shielded Are Weld- 
ing.’ He also presented a film entitled 
“A Study of Ares in Sigma Welding.” 

Mr. Hay’s background well qualified 
him for his presentation which was very 
interesting as well as unusually informa- 
tive. 

The meeting was presided over by the 
Vice-Chairman, J. August Rau, in the ab- 
sence of Chairman Arthur Tesmer. 


Welding Clinic 


Richmond, Va.—A Welding Clinic was 
held on April 17th, 18th and 19th by the 
Richmond Section, attended by more than 
a thousand people. The efforts of the 
Section in bringing before the public this 
unique exhibition were crowned with great 
success. It was hard work with limited 
equipment and time. Good publicity 
work was done by Ben Paxton of the local 
TV station WTVR of Richmond, who 
responded magnificently. 

The Clinie showed the visiting public 
what Richmond has to offer, as all of the 
booths at the CAP Hangar at the Byrd 
Airport were oceupied by local exhibitors 
The visitors were very satisfied and greatly 
approved of it. 

List of exhibitors included: Capital 
City Iron Works; Arcet Equipment Co.; 
Old Dominion Iron & Steel Corp.; Vir- 
ginia Welding Supply; Richmond Engi- 
neering Co., Inc.; Sydnor Pump and 
Well Co.; Leo A. Kramer; Welders 
Supply Co.; Southern Oxygen Co.; A.C. 
Worley; W. B. Goode Co.; Froehling & 
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Robertson, Ine. (Industrial analysts 
Lawton Schrader Services; and Mutual 
Boiler & Machinery Ins. Co. 

This was something new for Richmond 
and the response resulted in a wide repre- 
sentation in the visitors who showed in- 
tense interest in the many phases appli- 
cable to welding 


Structural Steel Welding 


Rochester, N. Y.-La Motte Grover, 
AWS, Welding Engineer with the Air Re- 
duction Sales Co., was the guest speaker at 
the April meeting of the Rochester Section 
held at the Rochester Turners Club. Mr. 
Grover has been associated with Air Re- 
duction Co. for the past 13 years, assist- 
ing structural engineers, shipbuilders, rail- 
way car builders and other industries in 
developing and controlling design and 
welding operations. He is a member of the 
Board of Directors and chairman of vari- 
ous committees of the AWS. 

Mr. Grover pointed out that welding in 
building construction has not advanced as 
rapidly in late years as it should have due 
to the scarcity of adequate design engi- 
neers and fabrication contractors familiar 
with the various building codes, etc., and 
the acceptance ol such construction by the 
consumer. However, he feels that satis- 
factory progress is being made in this field. 
He gave a very impressive and educa- 
tional talk with the use of many slides 
showing different types of welded design 
and fabrication of buildings, bridges, etc. 
He pointed out that welded construction 
usually eliminates much weight and fabri- 
cation cost and is well received anywhere 
due to the absence of noisy riveting ham 
mers 

At the finish of his talk, many questions 
were asked and Mr. Grover expertly 
answered all 

Preceding the meeting, a delicious roast 
beef dinner was enjoyed by many 

Frank Commisso, Senior Golf Pro of a 
local country club, was the coffee speaker 


Discussion on Welders 
Qualification 


Salt Lake City, Utah.— Due to the in- 
terest in welders’ qug 
the industries in the Salt Lake area a meet- 
ing of the Salt Lake City Section was held 
on April 15th, in Binkeland’s Cafe for the 
purpose of going over the requirements for 
welding qualification of both employers 
and operators 

Ray Potts, AWS, field representative for 
the Lincoln Electric Co., conducted the 
meeting and gave an introductory talk on 
the necessity of testing procedures and 
operators. He then introduced the other 
speakers. 

The first speaker was Fred Thomas, 
AWS, who spoke on “How to Become 
Qualified to Make ASME Vessels in Your 
Shop.””. Mr. Thomas is an ASME in- 
spector in the Salt Lake area 


lifications of many of 


Mr. Thomas discussed the various re- 
quirements of a shop; such as design, fab- 
rication inspection and reports necessary 
to construct an ASME vessel. He then 
pointed out the necessity for following defi- 
nite outlined procedures if vessels are to 
be given the code stamp. 
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The final speaker of the evening was 
Darwin Christofferson, AWS, Welding 
Engineer of the Chicago Bridge & Lron 
Co., Salt Lake City plant His subject 
was entitled “Qualification of Welders,” 
and was broken down in three main parts 
Large charts were used to point out the 
items in each part 

Part I, entitled “Requirements of Em- 
ployers,”’ covered the necessity for inves- 
tigating procedures, providing adequate 
designs along with good fabrication and 
adequate inspection facilities It was 
pointed out that the procedure specifica- 
tion and joint welding procedure are 
necessary so that customers, inspectors, 
welding engineers and everyone concerned 
will be familiar with what is required and 
ean work accordingly 

Part Il covered the requirements of 
manual welding operators. This part 
covered the preparation, identification, 
cutting and bending of each type of test 
plate. Diagrams were used to show the 
bending jig along with the method of bend- 
ing each specimen. The test results re- 
quired were discussed along with the re- 
quirements for retests, period of effective- 
ness, and records 

Part III entitled “Requirements for 
Automatic Welding,’ was intended to 
show the requirements for qualification of 
automatic welding operations and to show 
the differences in the various codes (AWS, 
API-ASME and ASME) with regards to 
procedure qualification. It was mentioned 
that the methods for testing automatic 
test plates were identical with the require- 
ments of manual procedure test plates 
It was suggested that more investigation is 
necessary to set up qualification tests for 
automatic operators 

The talk was concluded with the pres- 
entation of a number of slides showing 
photographs of actual test failures showing 
various types of defects along with good 
welds, in both procedure and operator 
tests. Slides were also presented to show 
various report forms and procedure speci- 
fications along with examples of the vari 
ous inspection methods 

The meeting with an attendance of 73 
was closed after a discussion with the 
group. 


Cutting Armor Plate 


San Francisco, Calif.—On April 28th 
the San Francisco held its regular meeting 
which was preceded by a roast turkey din- 
ner at the Engineers Club. Directly after 
dinner Lt. Edward Moody presented a 
coffee talk on “Good Money for Bad 
Paper." Lt. Moody is connected with the 
Cheek Detail of the San Francisco Police 
Department and his subject proved of in- 
terest to all those present 

Charles Robinson, AWS, Special Tech- 
nical Representative of the Air Reduction 
Pacifie Co., presented a talk on “Oxy- 
acetylene Cutting of Armor Plate and 
Other Alloy Steels” illustrated with black 
and white slides. Mr. Robinson gave a re- 
view of the techniques and procedures of 
gas cutting with the latest data on rolled 
armor plate; helpful hints on cutting pro- 
cedures, including a discussion of fuel 
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gases, proper speeds, pressures and other 
useful up-to-date information 

\ question-and-answer period at the end 
of the discussion was in order 


Planning for Welding 


San Francisco, Calif.—Seventy-thre« 
members of the San Francisco Section en- 
joyed a roast beef dinner on March 24th 
at the Engineers Club, San Francisco 
Directly after dinner, Robert Barrington, 
Information Supervisor, Pacific Telephon 
and Telegraph Co., gave a demonstration 
of the operation of the television micro- 
wave relay. 

The Section was fortunate to have pres- 
ent Charles H. Jennings, President of the 
AMERICAN WELDING Society and Man- 
ager of the Are Welding Engineering Dept, 
of the Westinghouse Electric Corp., 
Buffalo, N. Y., who talked on “Planning 
for Welding.”’ In his usually able manner 
Mr. Jennings presented a discussion of 
product design, welding processes and 
equipment, testing and other significant 
factors to be considered in planning eco- 
nomie and high-quality welding operations 


Welding Stainless Steels 


Wichita, Kan.—George FE. Linnert 
AWS, Research Welding Metallurgist, 
Armco Steel Corp., Baltimore, Md., was 
the speaker at the April 14th dinner meet- 
ing of the Wichita Section held at the 
Polar Bear Coral Room in Wichita. Mz: 
Linnert’s subject ‘Recent Developments 
in Welding Stainless and Heat-Resisting 
Steels’ covered materials involved in 
stainless-steel weldments more than the 
welding processes 4 few comments were 
made on the newer welding and cutting 
processes used on high-alloy steels. Prog- 
ress in joining the less weldable grades 
like free-machining steels, was described 
The newly developed grades of stainless 
steels such as the extra-low-carbon ma- 
terials and the precipitation-hardening al- 
loys were reviewed and a description given 
of their welding properties 


Applied Welding Engineering 


York, Pa.—Simon A. Greenberg, AWS, 
Technical Secretary was the guest speaker 
at a dinner meeting of the York-entral Pa 
Section held on April 9th. Dinner was 
served at the Hotel Yorktowne. Lecture 
was held in the Engineering Society Bldg 
A 
narration on record, played on a 33! 
rpm. record player, was shown in conjunc- 


5-mm. slide film strip projector with 


tion with Mr. Greenberg's excellent ad- 
dress on “Applied Welding Engineering.” 
The film is based on industrial experience 
and is illustrated by typical actual weld- 
ments 

Mr. Greenberg has been associated with 
the AWS since 1942. He is responsible lor 
the preparation and correlation of all so- 
ciety activities in the compilation of weld- 
ing codes, standards and specifications, and 
the promotion of use of these standards for 
more efficient welding 
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By Dr. E. Orowan 


1. INTRODUCTION 


T IS often difficult for the designer to 

recognize the presence of stress peaks 

in pressure vessels, and to estimate 
their magnitude; but even if their exis- 
tence, e.g., at the knuckle of a drum head- 
plate, is known, it is often impracticable 
to avoid them by local reinforcement or 
by a change of the design. Since most 
pressure vessels are made of rolled steel 
plate, an attempt to keep the stress 
well below the elastic limit even at the 
local peaks may make large parts of the 
For this 
reason, it was customary until recently 


vessel greatly overdimensioned. 


not to take into account the stress peaks 
explicitly but to rely to some extent on 
the ductility of the steel, and on the use of 
generous “safety factors."’ Considerable 
plastic deformations occurred frequently 
at local stress concentrations 
This situation has changed radically 
during the last decade. Electric resist- 
ance strain gages have made it possible 
to map the strains at points hitherto 
inaccessible to measurement; increasing 
pressures and temperatures have demanded 
stronger steels, which have a lower duc- 
tility; 
and of the fabrication, together with the 


and the high price of such steels 


possibility of accurate strain measure- 


ments, have led to a tendency to get rid 
of the traditional high 


“salety factors” 
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Stress Concentrations in Steel Under Cyclic Load 


® The behavior of stress concentrations in ductile bodies under 
cyclic load with particular reference to steel pressure ves- 


Prepared for the Pressure Vessel Research Committee 


which reflected the unreliable nature of 


rather than 
any fickleness of the material or of the 


the designer’s knowledge, 
working conditions. 

Any reduction of the safety factors or 
of the ductility of the material, however, 
raises a question of great importance 
The steels in use or intended for use are 
ductile enough to withstand some plastic 
deformation at undetected stress peaks if 
the load Is applied once only However, 
ina pressure vessel the load may be applied 
many thousands of times, and so the ques- 
tion arises whether the local transgressions 
of the elastic limit will not lead to fatigue 
failure. For several reasons, the answer 
cannot be obtained directly from conven- 
lata First of all, 
the amplitudes of stress and 


tional fatigue test « 
strain do not 
remain constant at points of local vielding 
in a body subjected to cycles of constant 
load amplitude: owing to strain harden- 
ing, they change progressively The 
study of the fatigue behavior of the mate- 
rial at locai stress peaks, therefore, requires 
the calculation of the local stress and 
strain amplitudes and of their change in 
the course of cyclic loading. It seems that 
this fundamental problem of fatigue in 
engineering structures has not been treated 
so far; the method required for its solu- 
tion, however, has been developed in its 
application to the theory of 
fatigue. 
will deal with this point and give a simple 


physical 


Part I of the present paper 
graphical solution. It will be seen that 
the local stress and strain amplitudes 
tend toward final values which may be 
reached after the first eycle, or asymptot- 
ically approached in the course of con- 
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tinued cyclic loading. The structure 
can withstand an unlimited number of 
cycles if the final local stress cycle is a 
safe one according to conventional fatigue 
test. results. 

There is a second reason why the usual 
fatigue test data cannot provide the in- 
formation vessel 


required in pressure 


design. Many engineering structures sub 
jected to cyclic loading have to withstand 
millions of cycles; the stress amplitude, 
therefore, must be below the limiting safe 
amplitude represented by the horizontal, or 
nearly horizontal, part of the Wéhler curve 
(the log S-log N. curve and for 


some 
materials this is less than one-half 
of the elastic limit, It will be seen that 
the final local stress amplitude at stress 
peaks where yielding has occurred is gener- 
ally above one-half of the initial elastic 
limit; with many materials, therefore, 
load cycles that produce local vielding can- 
not be safe However, the number of load 
cycles during the life of a pressure vessel 
may be only a few thousand; one may 
think, therefore, of admitting load ampli- 
tudes that would be unsafe for unlimited 
numbers of cycles How mans load 
cycles can be applied ata given amplitude 
before fracture occurs is shown bv the 
initial sloping branch of the Woéhler curve; 
however, the high-stress part of this curve 
is almost always omitted from fatigue 
large 
amplitudes, being unsafe for high numbers 


tests because the corresponding 


of eveles, are not of a general practical 
interest, It will be necessary, therefore, 
to discuss the question of how the number 
of cycles to fracture depends on the stress 
or strain amplitude for large strains; this 
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will be one of the subjects treated in 
Part Il. Finally, Part [11 will deal with 
practical possibilities of increasing the 
fatigue endurance of pressure vessels, as 
far as they can be recognized on the present 
very limited basis of experimental data. 


Part I 


2. THE FINAL STRESS RANGE AT 

A STRESS PEAK IS NOT IN- 

FLUENCED BY LOCAL PLASTIC 
YIELDING 


We shall consider in this report mainly 
two types of stress peaks in nonuniformly 
stressed bodies: the high stress at the top 
and bottom surface of a bent rod (Fig. 
1 (a@)), and the stress concentration around 
a notch (Fig. 1 (6)). To avoid unnecessary 
complications, we shall assume that the 
regions of plastic deformation at the stress 
peaks are very small, so that the deforma- 
tion of the body as a whole does not de- 
pend significantly on what happens in the 
small plastic regions. Thus, the deflec- 
tion of the bent rod in Fig. 1 (a) is deter- 
mined by its elastic bulk alone and is not 
affected by the progressive strain harden- 
ing in the very thin plastic surface layers 
shaded in Fig. 1 (a). If the bending 
moment varies between fixed limits, 
therefore, the deflection will also vary 
between constant extreme values If 
the plastic regions are too large to be 
neglected in this manner, the deformation 
of the body as a whole will decrease by 
strain hardening if the range of the load 
cycles is kept constant; vice versa, the 
load range will increase if the amplitude 
of the deformation cycles is kept constant. 
In either case, it is easy to adapt the re- 
sults given in the present report to the 
existing conditions of loading. 

Suppose now that the rod in Fig. 1 (a) 
is subjected to a cyclically varying bending 
moment, and that the elastic limit in 
thin layers at its top and bottom surface 
is exceeded at the first application of the 
maximum moment. It will be seen in 
Section 4 that the strain hardening during 
the first load cycle may prevent any fur- 
ther vielding; but even if this is not the 


(™ 


(>) 


Fig. 1 Regions of beginning plastic 
deformation (a) in a bent bar, and (b) 
in a notched rod 
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case, the material of the surface layers 
strain hardens progressively in the course 
of the subsequent load cycles until its 
yield stress is high enough to prevent 
further plastic deformation. Thus, the 
initially plastic regions finally become 
purely elastic, unless the specimen breaks 
before this is achieved, or the hardening 
capacity of the materia] becomes exhausted 
(i.e., its true stress-strain curve becomes 
horizontal). However, once the body 
has become purely elastic, the stress 
amplitude at its initially plastic regions 
rises to the same value as it would have if 
the body had been purely elastic from the 
beginning. Residual stresses may have 
been left behind, but they can influence 
only the mean stress of the cycle, notits 
amplitude. 

This simple and important rule shows 
that the initial “stress redistribution” by 
plastic yielding at a local stress peak does 
not reduce the stress amplitude to which 
the material is ultimately exposed here 
if eyclic loading is continued. If the 
safe amplitude in fatigue is independent 
of the mean stress, therefore, local plastic 
deformation does not reduce the danger 
of fatigue failure. Local yielding can be 
helpful only if the safe amplitude dimin- 
ishes with increasing mean stress of the 
cycle, because, as we shall see later, the 
mean stress of the local stress cycle in 
repeated loading is reduced by yielding. 
However, with most materials the influence 
of the mean stress upon the safe range is 
small in the entire range between 
alternating and repeated load. Unless 
the material has rather unusual properties, 
therefore, stress-redistribution by local 
yielding does not reduce the danger of 
fatigue failure, for an unlimited number of 
load cycles. 


3. THE PROGRESSIVE CHANGE OF 

THE STRESS AND STRAIN CYCLES 

IN THE PLASTIC SURFACE LAY- 

ERS OF A ROD IN ALTERNATING 
BENDING 


Suppose that the bending moment act- 
ing upon the rod in Fig. 1 (a) alternates 
between the extreme values +M and —M, 
and let curve OPF in Fig. 2 represent the 
true stress-strain curve of the material 
with the elastic strains included. Owing 
to the assumption that the plastic surface 
layers (shaded in Fig. 1 (@)) are very thin, 
strain hardening in them will not influence 
the deflection, and the total (elastic plus 
plastic) strain in the surface layers will 
alternate between the constant limits 
OA and OB = —OA (Fig. 2). The first 
bending carries the plastic deformation in 
the surface layer along the stress-strain 
curve to the point P, of which the strain 
abscissa is OA. When the bending mo- 
ment decreases after having reached its 
maximum +M, the plastic strain in the 
surface layers first remains constant, 
while the elastic strain decreases along the 
elastic line PC (of which the gradient is 
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Fig. 2 Variation of stress and strain 

at a plastic stress peak under alter- 

nation load in the absence of Bausch - 
inger effect 


Young’s modulus), When M=0, the 
rod is straight and the surface strain zero 
this is the result of the tensile plastic 
strain OC in the lower surface layer being 
compensated by the compressive residual 
elastic strain —OC. When M becomes 
negative, the stress-strain point moves 
further down along the elastic line toward 
negative values of the stress, unti] com- 
pressive plastic yielding starts. It is a 
general property of metals that, after 
tensile straining beyond the elastic limit, 
plastic deformation in compression starts 
at a stress lower than the tensile yield 
stress last reached; this softening by a 
preceding plastic deformation of the op- 
posite type is called the Bauschinger 
effect, after its discoverer, the Munich 
engineer J. Bauschinger.* To avoid un- 
essential complications, we shal] assume 
for the present that there is no Bau- 
schinger effect; plastic deformation in com- 
pression, then, starts at the point P’ which 
is as much below the abscissa axis as is 
P above it. Furthermore, in the absence 
of a Bauschinger effect the yield stress 
ought to rise with increasing compressive 
strain at the same rate as it would rise in 
tensile straining if this were continued 
beyond the point P; in other words, the 
stress-strain point ought to follow the 
curve P’R obtained from curve P'F by 
a rotation of 180 degrees around the point C 
in the plane of the figure. At the point 
R, the surface strain and the bending 
moment reach their maximum negative 
values OB and —M, respectively, and 
plastic compression ceases. As the mo- 
ment increases toward positive values, the 
surface stress-strain point moves along the 
elastic line RR’ until, at R’, the previous 
absolute maximum of the yield stress 
is reached again and tensile yielding 
starts. Stress and strain then follow 
the curve R’S, identical with the segment 
R’S” of the stress-strain curve OPS, 
until, at S, the surface strain again reaches 
its maximum positive value corresponding 
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to the bending moment +M. With 
increasing number of load cycles, obvi- 
ously,the stress-strain point for the surface 
layer follows a hysteresis spiral OPP’ 
RR’ SS’ T.., of which the individual 
loops become narrower and longer in the 
course of time; finally, they converge 
toward the elastic line YOX’ through the 
origin. Thus, as the material in the sur- 
face layers hardens, its yield stress rises 
toward the value AX = —BX’, which 
is the stress that would arise in the 
surface layer under the bending moment 
M if the rod were perfectly elastic. In 
other words, the material raises its yield 
stress by strain hardening to the value 
AX that is just sufficient to prevent any 
further plastic deformation, provided of 
course that no fracture occurs during the 
process and that the strain hardening 
capacity of the material does not get 
exhausted (= its stress-strain curve does 
not become horizontal). 

Figure 2 becomes much easier to manip- 
ulate if it is transformed by graphical 
shearing* along the horizontal, in counter- 
clockwise direction, so that the elastic 
lines PP’, RR’, ete., become vertical. 
Figure 3 is the result of such a trans- 
formation by shear of Fig. 2; the shearing 
amounts to a deduction of the elastic 
strain from the total strain, so that all 
abscissae in Fig. 3 represent plastic strains 
alone in the surface layers. By the shear- 
ing process the dash-dotted verticals 
AX and BX’ in Fig. 2, representing the 
upper and lower limits of the strain, be- 
come inclined; these lines, AX and BX’ 
in Fig. 3, will be called the strain limit 
lines. In Fig. 3, the points P’, R’ or S’ 


* Shearing a figure means to distort it by 
simple shear parallel to a given direction. In the 
present case, the shear is parallel to the absciasa 
axis; it amounts to deducing from the abscissa of 
any point of the figure the elastic shear strait 
corresponding to the ordinate of the point, a» 
given by the elastic line OX in Fig. 2 
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Fig. 3 Variation of stress and plastic 
strain (elastic strain not included) at 
a plastic stress peak under alternating 
load in the absence of Bauschinger 
effect 
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where plastic deformation starts again 
are vertically below or above the points 
P, R of S where plastic deformation has 
stopped previously. Since P’ is as much 
below the abscissa axis as is P above it, 
P’ is the intersection of the vertical 
through P with the auxiliary line AX’ 
which is a mirror image of AX with respect 
to the abscissa axis. Similarly, the auxil- 
iary line BX makes it easy to find the 
point R’, ete 

A further simplification is obtained by 
folding the lower half of Fig. 3 around the 
abscissa axis over its upper half; the result 
is shown in Fig. 4. After folding, the 
strain limit lines AX and BX’ coincide 
with the auxiliary lines AX’ and BX, 
respectively, and the previously scattered 
segments OP, P’R, R'S, etc., of the plastic 
stress-strain curve fit together to form 
the continuous zig-zag OPRS 


Fig. 4 Zig-sag curve showing the in- 
crease of the absolute value of stress 
and the accompanying decrease of the 
plastic strain amplitude at a plastic 
stress peak under alternating load in 
the absence of Bauschinger effect 


Figure 4 shows directly how the varia- 
tion of the stress and of the plastic strain 
in the surface layers in the course of al- 
ternating bending is obtained graphically. 
The construction embodied in the figure 
is as follows: (a) Plot the true stress- 
plastic strain curve OPF of the material 
its initial tangent is vertical, since it does 
not contain the elastic strain (b) plot 
the points A and B on the abscissa axis 
between which the total (elastic plus 
plastic ) strain in the surface layer oscillates; 
(c) plot the point X giving the stress that 
would be present in the surface layer if 
the material were purely elastic; (d) con- 
struct from consecutive pieces of the stress- 
strain curve OPF the zig-zag OPRST. . as- 
cending between the strain limit lines 
{X and BX. The zig-zag gives the varia- 
tion of stress and plastic strain in the sur- 
face layers during alternating bending. 
It shows that the plastic strain amplitude 
of the cycles decreases and finally van- 
ishes, while the stress amplitude increases 
and tends toward OX, the stress amplitude 
that would be present in a purely elastic 
rod. 
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Obviously, the material at the surface 
will be in a safe range with respect to 
fatigue if the stress amplitude OX is a 
safe one. Thus, as it was remarked in 
the preceding Section, the initial yielding 
in the surface layer does not reduce the 
stress amplitude to which the layer will be 
finally exposed. In addition, the mean 
stress of the cycle also remains invariant 
(equal to zero) in the particular case of 
alternating bending. 


4. THE PROGRESSIVE CHANGE OF 

THE LOCAL STRESS AND STRAIN 

AMPLITUDES IN GENERAL CYCLIC 

BENDING, AND IN REPEATED 
BENDING 


In the general case of cyclic bending, 
the bending moment varies periodically 
between an upper limit M, and a lower 
limit M,. If M; = 0, the case is that 
of repeated bending. 

Obviously, the only change in Fig. 2 
is that now the point B and the dash- 
dotted vertical BX’ can lie anywhere to 
the left of point A, 
figure goes over into Fig. 5; in the special 


After shearing, this 


case of repeated bending, B coincides with 
the origin O, and Fig. 6 is obtained. 
Figures 5 and 6 show an interesting 
possibility that does not exist in purely 
alternating bending. Consider Fig. 6 
where the two stress-strain curves OP,F,, 
and OP,F, stand for two possible positions 
of the stress-strain curve relatively to the 
apex Z, For a given material (given 
stress-strain curve), the relative position 
OP,F, corresponds to a high stress (Z 
above the stress-strain curve), and OP2F 
to a low stress. For a given applied stress 
OP,F, would represent a soft and OP;F 
a hard material. If the stress-strain 


Fig.5 Same as Fig. 3, but witha 
positive mean stress of the cycle 
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fig. 6 Same as Fig. 3, but for re- 

peated load. With the higher stress- 

strain curve, plastic deformation 

would cease after the first application 
of load 


curve OP.F, (Fig. 6) intersects the upper 
strain limit line AX above its point of 
intersection Z with the “folded’’ lower 
strain limit line BZ, the lowest value to 
which the stress can drop (when the bend- 
ing moment reaches its minimum M,) 
is that given by the point P?’, which is 
vertically below P, on the original lower 
strain limit line BZ’. The point P’:, 
however, is still above the point P* on 
the auxiliary line AZ’ where reverse 
would begin. That 
there can be no plastic defor- 


plastic deformation 
Is to say, 


mation after that produced by the first 
maximum load in the first evele:in the 


following eycles the stress oscillates be- 
tween the points and P’,and the strain 
is purely elastic 

Prager and Syvmonds' have called the 
cessation of plastic deformation in such 
cases the “shaking down” of the plastic 
strain to the final value OC (Fig. 6). 
They have investigatd such shaking-down 
processes in structural engineering, with 
the assumption of an ideally plastic mate- 
rial, i.e., one that shows no strain harden- 
ing and thus has a horizontal line for its 
plastic stress-strain curve. Figure 7 shows 
would never 
tend to cease in such a material if its 


that plastic deformation 


vield stress was below the apex Z of the 
strain limit lines that correspond to the 
given load: the deformation could shake 
down to a purely elastic one only if Z were 
below the horizontal line representing the 
stress-strain curve of the ideally plastic 
material. With strain hardening real 
materials, the situation is quite different. 
ven if the stress-strain curve intersects 
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Fig. 7 “Shaking down” of plastic 
deformation in an ideally plastic ma- 
terial under repeated load 


the upper strain limit line below the apex 
Z, the plastic strain “shakes down” 
asymptotically to a final value by strain 
hardening, unless the process is inter- 
rupted by fracture. 

It is easy to recognize from Figs. 5 and 6 
that, no matter what the position of the 
stress-strain curve, the final stress ampli- 
tude in the surface lavers is always the 
same, namely, the vertical distance be- 
tween the upper and lower strain limit 
lines AX and BZ’. On the other hand, 
the mean stress of the final stress cycle 
does depend on the plasticity of the 
material. If there is no plasticity, the 
stress, like the load, oscillates in Fig. 6 
between a maximum and zero. If the 
stress-strain curve intersects the upper 
strain limit line above the apex Z, the 
mean stress of the subsequent (purely 
elastic) cycles is given by the mid-point 
between P, and If it intersects 
below the apex Z, a state is asymptoti- 
cally approached in which the stress oscil- 
lates between ZD = ON /2 and —OX/2, 
and the mean stress is zero, 

* At first glance, it might seem that the 
last case was a favorable one and that the 
plasticity of the material had the beneficial 
effect of reducing the highest stress in the 
surface layers from OX to OX/2. In 
reality, however it is just the other way 
around. The important factor for fatigue 
is the stress amplitude of the cycle, and 
this is not reduced in the long run. The 
mean stress has in general little influence; 
the real difference between the cases rep- 
resented by curves OP,F, and OP;F; 
in Fig. 6 is that, for the more plastic 
material represented by the former curve, 
the final stress range is larger compared 
with the initial elastic limit of the material, 
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and thus the conditions are further re- 
moved from safety. 

This conclusion is strikingly illustrated 
by experiences made with railroad signal 
wires in Britain. The first official stand- 
ards for such wires demanded « ductility 
above a given minimum and an ultimate 
stress not exceeding a certain limit; this 
demand corresponded to the instinctive 
feeling that, in order to withstand fre- 
quent bending around the smal! guiding 
pulleys, the wires must be made of very 
ductile material. When the standards 
were introduced against the opposition of 
the wire manufacturers, frequent wire 
fractures indicated that, as so often, 
instinct was misleading. The standards 
were modified so as to demand an ulti- 
mate stress not below a given minimum 
and a reduction of area not exceeding a 
certain limit, and the trouble disappeared. 


5. THE BUSCHINGER EFFECT 


As already mentioned, the yield stress 
of metals in compression after preceding 
vielding in tension is lower than the tensile 
yield stress last reached; similarly, it is 
easier to start tensile yielding after com- 
pressive yielding than to continue the 
latter. This phenomenon, which is due 
to microscopic and submicroscopic internal 
stresses developed during plastic deforma- 
tion, is the Bauschinger effect. If it is 
taken into account, the stress-strain point 
of the surface layer in the alternately 
bent rod follows the path PCR’ (Fig. 8) 
instead of the path PCP’R assumed in 
Fig. 2. Similarly, the onset of yielding 
in the consecutive cycles is not sharp as 
assumed in Figs. 2 to 6 but gradual, and 
yielding always sets in at lower stresses 
than it would in the absence of the micro- 
scopic internal stresses responsible for 
the Bauschinger effect. 
the hysteresis spiral has in reality the 


Asa consequence, 


shape shown in Fig. 8, instead of that as- 


Fig. 8 
at a plastic stress 
nating load with 


Variation of stress and strain 
k under alter- 
uschinger effect 
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sumed in Figs. 2 or 3. Instead of the 
simple zig-zag curve of Fig. 4, we now 
obtain a more complex figure of the type 
shown in Fig. 9; owing to the Bauschinger 
effect, the yield stress at the minimum 
value of the bending moment (on the line 
BX) may even be lower than it was at the 
preceding maximum (on the line .AYX). 
Thus, the corners of the zig-zag may be 
arranged as in Fig. 10, where they are 
connected with straight lines neglecting 
the dip between two consecutive corners. 
However, the consecutive stress-strain 
points corresponding to the maximum 
values of the bending moment still rise 
on line AX toward the apex X, although 
possibly much slower than it would cor- 
respond to a static stress-strain curve, be- 
cause a large part of the strain hardening 
acquired during the tensile or compressive 
part of a cycle is wiped out by the Bau- 
schinger effect during the subsequent strain 
reversal. Thus, if the yield stress is plot- 
ted as a function of the total absolute strain 
in reversed straining, the curve obtained 
is much flatter than the static stress- 
strain curve, and it may well become nearly 
horizontal for some materials. How- 


Fig.9 Zig-sag curve showing the in- 

fluence of the Bauschinger effect upon 

the rise of the absolute value of stress 

ata plastic stress peak under alternat- 
ing load 


Va 
/ \ 


Fig. 10 Same as Fig. 9, with the 
Bauschinger effect strong enough to 
cause a decrease of yield stress during 
the reverse half of the cycle 
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ever, unless it really becomes horizontal, 
so that the Bauschinger effect ultimately 
cancels strain hardening, the effect can 
only slow down the rise of stress in the 
surface layer in cyclic bending but cannot 
reduce the limiting stress which is that 
produced by the given load in a body of the 
same shape but of purely elastic material. 

On the other hand, the * shaking-cdown” 
process mentioned above 1s greatly 
modified by the presence of the Bausch- 
inger effect which is not included in the 
picture of the ideally plastic solid Ex- 
perience shows that, e.g., after a moderate 
amount of tensile plastic straining, non- 
elastic compression becomes noticeable, 
as a rule, as soon as the stress becomes 
slightly compressive. Thus, mechanical 
hysteresis may become important as soon 
as the material comes under stress opposite 
to its last plastic strain, even if, as in 
curve OP,F,, Fig. 6, the plastic strain 
would shake down to a final value after 
the first cycle in a material free from the 
Bauschinger effect 


6. OTHER CASES OF STRESS IN- 
HOMOGENEITY 


The preceding considerations apply to 
the thin surface layer of a bent rod in 
which the elastic limit. has been exceeded 
in the course of evclic bending. How- 
ever, the corresponding treatment of other 


types of stress peaks in nonuniformly 


stressed bodies is very similar 

We still retain the assumption that the 
plastic regions Of stress concentration are 
so small that their influence upon the de- 
formation of the bulk of the body is 
negligible, so that the body containing the 
stress peak is substantially elastic and 
carries out cycles of constant strain ampli- 
tude under load cycles of constant am- 
plitude. 

The essential difference between the 
stress peak at the tip of the notch, Fig. 
1 (b), and that on the surface of the bent 
rod, Fig. 1 (a), is that in the second case 
the total (elastic plus plastic) strain in 
the surface layer is constant and independ- 
ent of the plastic strain for any given 
value of the load (= of the bending mo- 
ment); in the case of the notch, on the 
other hand, plastic yielding at its tip 
leads to elastic stress relaxation not only 
in the vielded volume but also in its 
purely elastic surroundings. Thus, the 
behavior of the stress concentration at the 
tip of the notch can be schematized in the 
way shown in Fig. 11. Here, P is a plastic 
body; in addition to having its own elas- 
ticity, it is connected with the main body 
of a bent rod, R, by flexible purely elastic 
arms E. This arrangement corresponds 
to the behavior of the notch root in two 
respects: first, owing to the two lever 
arms E, the strain in P may be much 
higher than at the surface of R; second, it 
is not the strain in P that is constant for 


a given load L, but the sum of the elastic 
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Fig. il Amore general case of a stress 
peak. R is an elastically bent bar, E 
elastic arms, P a plastic rod 


and plastic strains in P and E. This 
scheme shows that the more general case 
can be treated exactly as the simpler one 
of the surface layer in the bent rod. In 
Fig. 3, OX is now the stress that would 
exist at the notch root if the body were 
purely elastic and the load had its maxi 
mum value; OX’ is the corresponding 
stress for the (algebraic) minimum of the 
load. OA is the total strain (plastic and 
elastic) in the plastic region plus the 
elastic strain in its elastic surroundings 
represented in the scheme Fig. 11 by E 
for maximum load; OB, the corresponding 
total strain for minimum load. The 
graphical method itself remains the same 

Naturally, all this involves several 
drastic simplifications. In reality, stress 
and strain are not constant in the plastic 
volume at the notch root, as they are not 
constant in the surface layer of the bent 
rod either. The simple graphical method 
shown in Figs 3, 4 and 5, therefore, is 
quantitatively correct only in certain 
particularly simple cases; in general, it 
gives only a qualitative picture of tne 
process. An exact treatment, however, 
would usually be very complex and possi- 
bly not worth the work involved, 

Another complication not taken into 
account in the above considerations is 
that the plastic volume, as a rule, does 
not remain constant during the cycli 
loading but increases, decreases or migrates 
to other points of the loaded body. A 
very simple example of this is the bending 
of the thin rod in Fig. 12 with a large 
constant strain amplitude. Initially, only 
the shaded region next to the support 
where the bending moment is highest, 
suffers plastic bending. A very simple 
example of this is the bending of the thin 
rod in Fig, 12 with a large constant strain 


Fig. 12 Plastically deformed 
region at the rigidly supported 
end of an alternately bent rod 
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amplitude. Initially, only the shaded re- 
gion next to the support where the bend- 
ing moment is highest, suffers plastic 
bending. As it strain hardens, however, 
the bending moment required for the 
given deflection increases, and the elastic 
limit is exceeded in neighboring parts of 
the rod, so that the plastic region gradually 
extends toward its free end. 


7. CONNECTION WITH THE PHYSI- 
CAL THEORY OF FATIGUE 


The preceding Figs. 3 to 6, 9 and 10 
are very similar to diagrams used by the 
present author in his general theory of 
fatigue."? In order to avoid the impres- 
sion that the present considerations in- 
volve in any way theoretical assumptions 
about the physical nature of the fatigue 
process, it should be pointed out that the 
only point of contact between the above 
graphical calculations and the physical 
theory of fatigue is the use of the same 
mathematical method, with diagrams 
which look very similar but have a different 
physical meaning. The present paper 
aims only at the calculation of the ampli- 
tudes of stress and strain in small regions 
of local stress concentration where yielding 
occurs; how the material reacts to these 
stresses and strains is regarded as a ques- 
tion that should be investigated experi- 
mentally. In the general theory of fa- 
tigue, on the other hand, the problem is to 
explain the observed fatigue behavior of 
materials under cycles of constant stress 
or strain amplitude, on the basis of their 
unavoidable structural inhomogeneity and 
of the assumption that continuing plastic 
deformation causes progressive strain 
hardening. It is shown in the general 
theory of fatigue that these two assump- 
tions are sufficient to explain the main 
features of fatigue phenomena, without 
requiring any specialized assumption 
about the nature of the structural changes 
taking place during the fatigue process. 

In the theory of fatigue mentioned, the 
mathematical method underlying the 
above Figs. 3 to 6, etc., is used for investi- 
gating the conditions under which a fa- 
tigue crack can spread or arise. If a crack 
is already present, it can be treated 
exactly like the notch in Fig. 1 (6). From 
the knowledge of the elastic characteris- 
ties of the locally vielded region and its 
elastic surroundings, the development of 
the stress and strain amplitude at the root 
of the crack can be deduced by means of 
Fig. 4, if the load is an alternating one, or 
by means of Fig. 5 if the load cycle has a 
nonvanishing mean stress. Let us assume 
the former case. The stress-strain curve 
OPF does not describe the behavior of 
the metal completely: we must also know 
its fracture criterion. The metal may 
break when the highest tensile stress 
reaches a critical value; or, what is more in 
keeping with general experience in fatigue, 
it may break when the total absolute strain 
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has reached a limit. Ineither case, fracture 
will oecur when the stress-strain point 
on the curve reaches a final point F; that 
is to say, when the zig-zag curve derived 
from the stress-strain curve reaches the 
height of the point F. Now, if the ap- 
plied load amplitude is low, the strain 
limit lines are close to the origin and 
their apex X (in Fig. 5, Z) has a low 
position. If X is below the height of F, 
the stress or the total absolute strain can 
never reach the values corresponding to 
F;; plastic deformation ceases as the point 
X is approached, and fracture does not 
occur: the load range is a safe one. If, 
on the other hand, the load amplitude 
and thus the position of X is high, the 
point F and the point of the same height 
and same absolute strain on the zig-zag 
curve is reached before plastic deforma- 
tion would cease at X, and the overstressed 
region at the root of the crack breaks. 
In this way, the crack propagates and 
finally leads to the fracture of the entire 
specimen. 

The formation of the first local crack 
in an unsafe range* must take place in a 
similar way. Every material must con- 
tain regions where plastic deformation is 
easier than elsewhere. If local vielding 
oecurs in cyclic loading, both the absolute 
strain and the vield stress increase gradual- 
ly at such points. If the increase of the 
yield stress can stop further plastic strain- 
ing before the critical value of the fracture 
strain is reached, no crack is formed; 
otherwise, the plastic region finally cracks 
and the crack may start to spread. If 
the elastic and plastic characteristics of 
the “soft” region are known, as well as its 
fracture criterion, the question whether 
a given load amplitude is a safe one can be 
investigated with the graphical method 
described above. 

The fundamental questions of the origi- 
nation and propagation of fatigue cracks 
will not be discussed in this report. The 
graphical method will be used only for 
finding the stress amplitudes and mean 
stresses in highly stressed microscopic 
regions which are then treated as small 
fatigue specimens on the basis of experi- 
mental fatigue data. 


Part Il 


8 OBSERVED FATIGUE BEHAVIOR 
OF BENT AND NOTCHED SPECI- 
MENS 


There are two types of fatigue test 
that realize the cases discussed in Part I: 
these are fatigue tests with cyclically 
bent specimens, and tests with notched 
specimens. 

The problem of the nearly elastic bent 
rod is by far the most extensively investi- 
gated one in fatigue testing: every rotat- 
ing beam fatigue test exemplifies the proc- 


*ILe., unsafe for an unlimited number of 


cycles. 


Orowan—wStress Concentrations 


ess discussed in detail in the preceding 
Part I. Applied to such tests, the theory 
leads first of al] to a conclusion so simple 
that it is usually taken as granted. It 
is that, in spite of the nonuniform defor- 
mation of the bent beam, and the con- 
centration of plastic deformation in its 
surface layer when its elastic limit is 
exceeded, the fatigue limits derived from 
rotating beam tests are not essentially 
different from those obtained with speci- 
mens uniformly stressed in push-pull 
machines. In fact, the difference is 
usually within the limits of accuracy of 
the measurement. This confirms that 
the plastic deformation in the surface 
layer of the beam cannot modify the safe 
range of stress. According to Part I, 
fracture should occur in relatively high!y 
loaded rotating beams a little later than 
in uniformly stressed specimens, because 
it takes some time for the maximum stress 
amplitude to develop by strain hardening. 
The delay, however, is probably negligible 
in most cases. 

Another relevant field of experimental 
investigation is that of fatigue testing with 
notched specimens. The “notch 
sitivity” of materials in cyclic stressing 
must not be confused with notch brittle- 
ness (notch sensitivity in ordinary frac- 
ture); there is no direct connection between 
the two properties. In fatigue, a materia! 
is said to be notch sensitive if the presence 
of a notch reduces the limiting safe load 
amplitude for a given cross-sectional area. 
In notched bar fatigue testing, usually 
rotating beam machines are used with 
specimens provided with circumferential 
V-notches; for purposes of comparison 
with unnotched specimens, a fictitious 
maximum bending stress is calculated from 
the elementary theory of bending for the 
cross section within the notch, the stress 
concentration due to the notch being 
disregarded. If the general results de- 
veloped in Part I were directly applicable, 
the outcome of fatigue tests with notched 
specimens would be very simple: the 
safe load amplitude would be reduced by 
the elastic stress concentration factor of 
the notch. In other words, if in a geo- 
metrically similar but purely 
specimen the stress at the tip of the notch 
is q times higher than at the same point 
in the absence of the notch, the notch 
ought to reduce the limiting safe range of 
load by the factor g, according to the 
direct application of the mechanical 
theory: no matter how large the initia! 
plastic deformation at the notch root, 
the metal there ought to harden under 
cyclic stressing until it is perfectly elastic, 
and then the stress amplitude ought to 
be the same as if no plastic deformation 
had ever taken place. Since the stress 
concentration factor depends only on the 
shape but not on the material of the speci- 
men, all materials ought to show the same 
notch sensitivity, unless they cease to 
strain-harden before the stress reaches 
the endurance limit. This may conceiv- 
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ably occur if the stress concentration is 
confined to a very small volume (see below ). 

All this is in striking contrast with the 
observed facts. First of all, the factor 
by which the safe load range is reduced 
by the notch is usually much smalier 
than the elastic stress concentration fac- 
tor; it may be quite close to unity. Fur- 
ther, different materials behave quite 
differently in this respect: some are fairly 
notch-sensitive, others are not. Re- 
markably (and this is rather in agree- 
ment with the theoretical considerations) 
there is no general connection between 
ductility and notch-sensitivity: a rela- 
tively brittle material like cast iron is 
almost indifferent to small sharp notches 
as far as its fatigue endurance is concerned 

Thus, one is confronted with a remark- 
able contradiction. On the one hand, the 
general treatment embodied in Figs. 4, 
5 and 6 leads to the rigid conclusion that 
at given load a notch or crack of elastic 
stress concentration factor g is bound to 
increase the final local stress amplitude 
by the factor g. On the other hand, the 
experimentally observed effect of a notch 
upon the safe load amplitude is usually 
far less than would correspond to its 
elastic stress concentration factor, and 
often very small indeed. The only pos- 
sibility for explaining this discrepancy 
seems to be to assume that a material 
behaves differently if it is stressed within a 
very small volume only; in other words, 
to attribute the observed low notch sen- 
sitivities to a size effect.5 It is well known 
that thin fibers of glass and of many 
other materials are far stronger than thick 
rods; similarly, the strength and thus the 
fatigue endurance may be higher if the 
stress is confined to a smal! volume, e.g., 
at the root of a sharp notch. There are 
several other conceivable causes for the 
size effect. If the plastically strained 
volume and thus the magnitude of the slip 
movements are very small, the material 
may not suffer any progressive structural 
deterioration such as would occur if the 
same stresses and strains were distributed 
geometrically similarly over a_ larger 
volume. Several well known physical 
features of plastic deformation give rea- 
sons for expecting such a dependence of 
the structural changes upon the size of the 
region over which the deformation extends 
Now, fatigue is due to two manifestations 
of the progressive structural damage. 
First, this leads to strain hardening and 
thus to an increase of the local stress 
amplitude during cyclic straining, as seen 
in Figs. 4, 5, 6,etce. Second, it gradually 
weakens the cohesion (the fracture stress); 
it may even reduce it to zero, as in the 
case of fatigue crack formation in the slip 
plane without substantial help from nor- 
mal stresses. If, therefore, the progress 
of structural damage depends on the size 
of the deformed region, smal] volumes of 
stress concentration may have an in- 
herently higher fatigue endurance than 
the material in bulk. 
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Fig. 13° Crack (1B) developing 
at the root of a notch 


\ third, more trivial, possibility of a 
size effect is indicated in Fig. 13. Here, 
AB represents a crack extending from the 
bottom of a notch. Suppose that the 
elastic stress concentration factor of the 
notch alone is q; in the absence of the crack 
therefore, the stress at A would be g times 
higher than the stress o at large around the 
notch. However, the stress that deter- 
mines the possibility of propagation of 
the crack AB is the one at B, and this 
differs from qo in two respects. First, 
even without the crack the stress at B 
would be lower than at A; second, the crack 
upsets the stress concentration of the notch. 
Therefore, the effective stress concentra- 
tion factor of the combination may be 
much less than the product of the individ- 
ual factors for the notch and for the 


crack. This argument, of course, rests 
essentially on the assumption made in 
Fig. 13 that the crack cannot be consid- 
ered as small compared with the notch, 
If it can, it is in a stress field raised by the 
factor q, and the maximum stress at the 
edge of the crack is then obtained by 
multiplying o with the product of the 
individual stress concentration factors of 
crack and notch. This is the reason why 
a familiar argument to explain the notch 
insensitivity of cast iron is insufficient 
It consists in the remark that this material 
contains so many cracks (graphite flakes) 
that any additional stress concentration 
cannot matter. However, if the notch is 
on a larger scale than the graphite flakes 
(as is usually the case), the resulting stress 
concentration factor is obtained not by 
addition but by multiplication of the 
individual factors for the notch and for 
the flake, and then there is no reason to 
expect any abnormally low notch sensi- 
tivity. 

The circumstance that the surprisingly 
low notch sensitivity of materials in all 


probability is a size effect shows that one 


must not rely on it in the design of struc- 
tures in which the volumes of the stress 
peaks are relatively large. In notch 
fatigue tests, the root radius of the notch 
in rotating beam specimens is usually 
of the order of 0.05 to 0.5 mm.; the volumes 
of the stress peaks in welded structures or 
pressure containers are of a higher order 
of magnitude, and it would be unjustified 
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to assume that they are no more dangerous 
than the regions of high stress in notched 


specimens for rotating beam tests. Unless 
evidence to the contrary is presented, 
therefore, one has to disregard the re- 
sults of the usual notch-fatigue tests in 
assessing the danger of more large-scale 
stress peaks in engineering structures, 

In view of the great practical impor- 
tance of the matter, it would be very 
desirable to carry out notch-fatigue ex- 
periments with geometrically similar 
notched specimens spread over a wide 
dimensional] range under strictly controlled 
metallurgical and surface conditions 
Only such experiments can cast light upon 
the physical nature of the phenomenon 
of notch insensitivity and provide a 
sound basis for design 


9. FATIGUE AT HIGH STRESS 
AMPLITUDES 


It was remarked already that pressure 
vessels are hardly ever subjected to millions 
of load eyeles; often, as in the case of boil- 
ers, the number of load repetitions during 
their lifetime does not exceed a few thou 
sands. It is of interest, therefore, to 
investigate how the number N of cycles 
to fracture decreases with increasing 
stress range S or strain range e 

The answer is known for stress ranges 
not far above the endurance limit: it is 
given by the approximately straight in- 
clined part of the log S-log N curve (Fig 
14). The approximate straight-line re- 
lationship between log S and log N in the 
nearly elastic range above the endurance 
limits is not only a well-established ex- 
perimental fact; it also follows from the 
theory sketched in Section 7, with a few 
simple assumptions about the shape of the 
stress-strain curve, etc 


log S 


log N 


Fig. 14 Typical log S-log N curve of a 
ferrous material 


So long as the bulk of the specimen is 
approximately elastic, it does not make 
any difference whether it is the logarithm 
of the stress range or of the strain range 
that is plotted as a function of log AN 
since S and ¢ are proportional, the curves 
obtained are identical, and cycles of con- 
stant stress amplitude are at the same 
time cycles of constant strain amplitude 
Outside the range of approximate elastic- 
ity, however, the question arises: Should 
one expect any straight-line relationship 
similar to that in nearly elastic ranges? 
And if there is one, will it exist between 
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Strain 


Fig. 15 Strain hardening material 
under cycles of constant plastic strain 
amplitude 


log S and log N for cycles of constant 
stress amplitude, or between log « and 
log .V for evcles of constant strain ampli- 
tude? 

A plausible answer can be obtained 
easily in the limiting case where the 
plastic strain amplitude is constant and 
so large that the elastic strains are com- 
paratively negligible. Let Fig. 15 refer 
to alternating straining of this type, OA 
and OB being the maximum and minimum 
values of the strain, and OPF a schematic 
cyclic stress-strain relationship in which 
the Bauschinger effect has already been 
taken into account. The rise of the yield 
stress with cvelic straining is represented 
by the zig-zag curve OPRS __. ; obviously, 
Fig. 15 is a special case of Fig. 4 in which 
the strain limit lines AX and BNX are 
vertical because the elastic deformations 
are negligible on the small seale of the 
abscissa required by the large plastic 
strains to be accommodated. As before, 
let it be assumed that fracture occurs when 
«a critical value of the vield stress, or, 
what amounts to the same, a critical 
value of the total absolute plastic strain 
Suppose the number of 
eveles to fracture, i.e., the number of 


is reached. 


zig-zags to the fracture point F’, is N, 
for a strain amplitude «. If the strain 
amplitude is qg times less, the number of 
zig-zags to fracture is approximately q 
times larger;* in other words, « V = const., 


log « + log N const. (1) 


This is the equation of an inclined 
straight line in the log e-log N_ plot. 
Consequently, we may expect the log « 
log \ relationship to be approximately 
linear not only in the familiar limiting 
case of negligible plastic strains, but also 
in the opposite case of large plastic and neg- 
ligible strains at constant strain amplitude, 
provided that a few rather plausible 
simplified assumptions about the shape 
of the stress-strain curve and the criterion 
of fracture are justified. 

This consideration receives confirma- 
tion from an experimental investigation 
carried out by Tér, Ruzek and Stout* 
forthe Pressure Vessel Research Committee 
of the Welding Research Council. Steel 
strips of */, in. thickness were subjected 


* The number of zig-zags would be exactly 
times larger for a stress-strain curve consisting a 
an initial vertical part followed by a straight slop- 
ing part 
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to alternating bending at constant maxi- 
mum strains in the top and bottom sur- 
face; the strain values were 0.15, 0.4, 
0.7 and 1.0%. Two slightly different 
low-carbon steels were used, with very 
similar results. Although the scatter 
was considerable, the average number of 
the cycles to fracture for various prelim- 
inary treatments of the specimens 
satisfied the linear relationship eq. (1) 
very well, 

In most practical problems, the strain 
amplitude is not constant; it may vary in 
the course of the cyclic loading, for in- 
stance, according to the zig-zag curves in 
Figs. 4, 5, or 6. Even in such cases, the 
number of load cycles to fracture can be 
calculated easily if the assumption used for 
deriving Equation 1, that of a critical value 
of the total absolute strain at fracture, is 
correct. With this criterion, fracture occurs 
when the zig-zag curve reaches the height 
of the critical point F on the stress-strain 
curve for cyelic loading, and the number 
of the preceding zig-zags is NV. If F is 
above the apex Z (in Fig. 4, X) of the 
strain limit lines, it cannot be reached by 
the zig-zag curve, and the strain range 
How is this 
compatible with the fact that, as soon as 


would seem to be a safe one. 


the cycle involves appreciable plastic 
deformation, the range is not safe and 
fatigue failure is bound to occur? The 
solution of the apparent contradiction is 
that Fig. 15 and the attached considera- 
tion refer to macroscopic (bulk) strains 
only which alone are important at very 
large strain amplitudes. At small ampli- 
tudes, the bulk of the specimen is, or soon 
becomes, purely elastic and past the 
danger of fracture. However, in every 

“al material there are microscopically 
small regions of local stress concentration, 
or local softness, and the condition of a 
safe range may not be fulfilled at these 
points, Consequently, at these points 
eracks arise which then spread and lead 
to the fracture of the specimen. In 
extreme cases, the progressive ceteriora- 
tion during cyclic loading may be confined 
to the closest neighborhood of one or two 
fatigue cracks originating at points of 
local weakness, and the bulk of the speci- 
men may reveal no sign of the approaching 
failure. This is the cause of the failure 
of many attempts to recognize whether a 
stress range is safe or unsafe before frac- 
ture or at least observable cracking has 
occurred, e.g., from X-ray photographs, 
hysteresis measurements or other methods. 
Sometimes one of these fatigue-diagnostic 
methods works fairly well for a given 
material, but fails with a slightly different 
one. 


Part Ill 


10. PRACTICAL CONSIDERATIONS 


The preceding consideration gives fairly 
definite hints about the probable influence 
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of several factors upon the fatigue behavior 
of pressure vessels. 

The first point that stands out is a 
negative one. While plastic yielding is a 
valuable factor in reducing the higher 
local stress peaks in single loading, it 
cannot reduce the local stress amplitude 
that finally develops at the stress peaks 
after a large number of load cycles (unless 
the stress-strain curve for cyclic loading 
becomes asymptotically horizontal). All 
that local vielding can do is to reduce the 
mean stress of the cycle which becomes 
zero if the apex of the strain limit lines is 
above the plastic curve 
(ef. Figs. 3 to 6). In this case, however, 
the maximum stress of the cycles is always 
equal to the current value of.the elastic 
limit acquired by strain hardening during 
eyelic loading; it is, therefore, higher than 
the initial elastic limit of the material. 
This implies in general that the stress 
eycle is not safe for any number of load 
cycles, and ought to lead to fracture after 
a sufficient number of load repetitions 
unless the size effect saves the situation 
(ef. Sect. 8). 

Since considerable plastic deformation 


stress-strain 


must have been the rule rather than the 
exception in boilers constructed of plain 
carbon steels in the past, the question 
ean be asked whether the comparative 
rarity of genuine fatigue failures was due 
only to the small number of load cycles 
applied during the useful life of the boiler 
or also to other factors. Two such factors 
seem to have been considered in the litera- 
ture: first, the occurrence of strain aging 
at the plastically deformed stress peaks; 
second, local strain hardening and the con- 
sequent rise of the elastic limit at the stress 
peaks during the water pressure test. In 
the following, these two factors should be 
discussed briefly. 


ll. LOCAL STRAIN HARDENING 
DURING THE PRESSURE TEST 


In pressure vessels made of low-carbon 
steel, strain hardening can hardly be an 
important factor. After the upper yield 
point has been exceeded, the yield stress 
remains at the level of the lower vield 
point during the entire process of yielding 
which usually extends over a strain range 
of several per cent. Since strains of this 
magnitude are unlikely to occur even at 
point of high stress concentration, it 
seems that the effect of local strain harden- 
ing can be disregarded in materials that 
show a distinct lower yield point. 

On the other hand, the initial part of 
the stress-strain curve of alloy steels not 
showing the yield 
steeply, and the possible influence of 
strain hardening upon fatigue endurance 
deserves here closer consideration. Let 
AX in Fig. 16 be the strain limit line 
corresponding to the working pressure of 
the vessel, BY that for the water pressure 
test, and OW that for the pressure zero 
If the stress-strain curve lies below the 
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Fig. 16 The effect of a preceding 

pressure test upon the variation of 

stress and strain at a plastic stress 

peak under repeated load; no Bausch- 
inger effect 


point of intersection Z of the strain limit 
line AX and of the corresponding auxiliary 
line OZ (which is the folded strain limit 
line OW), the pressure test leads to the 
point P;, and the subsequent release of 
the pressure to P’; and R;. Subsequent 
applications of the working pressure cause 
the stress strain point in the folded diagram 
to ascend along the zig-zag shown in the 
figure toward the apex Z, so that the pre- 
stressing by the water pressure test does 
not alter the local fatigue process signifi- 
cantly. 

Consider now the case represented by 
the higher stress-strain curve OP.F,. 
The release of the pressure after the water 
test leads to the point R2, and the elastic 
limit CR, at this point is higher than the 
stress CS, produced by the subsequent 
application of the working pressure. In 
the absence of mechanical hysteresis and 
Bauschinger effect, therefore, the plastic 
strain would “shake down” to a final 
value during the pressure test; the follow- 
ing repetitions of the working pressure, 
however, would always raise the stress 
to the previously acquired elastic limit 
For many materials, such cycles would be 
unsafe 

Suppose, finally, that the stress-strain 
curve lies above both apices Z and V 
(the initial elastic limit, of course, can lie 
below either or both of these points) 
The release of the test pressure is then not 
followed by reverse plastic deformation, 
and the stress drops from P; to R; along a 
vertical, purely elastic, path. Applica- 
tion of the working pressure raises the 
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stress to S;, and its release makes the 
stress drop back to R;. Repetitions of the 
working pressure, therefore, not only do 
not cause further plastic deformation, 
but the stresses reached remain below the 
elastic limit raised by the pressure test 

What are the practical conclusions from 
Fig. 16? 

Without pressure test, the str2ss ampli- 
tude at the stress peak increases during 
repeated loading and converges toward 
the ordinate of the apex Z if the stress- 
strain curve is below Z (curve OP,F, in 
Fig. 16); at the same time, the mean 
stress of the cycle tends toward zero. 
If the stress-strain curve is above Z 
OP,F, and OP,F;), no further 
plastic deformation occurs after the first 
cycle; the local stress amplitude is con- 
stant and equal to the final stress ampli- 


tude in the preceding case, which is one- 


half of the vertical distance OX between 
the lines OW and AX. The mean stress, 
how ever, 18s now above zero 

With a preceding pressure test repre- 
sented by the strain limit line BY, the 
final local stress amplitude is still the 
same as before, for any position of the 
stress-strain curve. If the latter is below 
the limiting position in which the curve 
returning from P, goes through Z, the 
final mean stress is zero. It is seen eas- 
ily from the figure that the mean stress 
is reduced by the pressure test if the stress- 
strain curve is above this limiting posi- 
tion. Of particular interest is the case 
where the zig-zag line returning from the 
point P; (i.e., the line interrupted by the 
letter S, in Fig. 16) intersects the line 
OV in a point whose abscissa is greater 
than OA. Repetitions of the working 
pressure cause then the local stress to os- 
cillate between the lines YA and OW on 
a vertical that is to the right of the point 
A, so that the stress is always compressive. 
This occurs also if the stress-strain curve 
intersects the line YB in a point that is 
above V and whose abscissa is greater than 
OA; such a case, however, is of minor in- 
terest because it corresponds to a local 
stress peak so low that plastic yielding 
would not occur under the working stress 
alone (provided that the stress-strain 
curve is concave when seen from below ). 

It was mentioned repeatedly that the 
fatigue endurance does not seem to de- 
pend strongly on the mean stress until 
this approaches about one-half of the 
elastic limit. There are indications, how- 
ever, that it begins to rise rapidly if the 
mean stress is negative (compressive) 
and approaching the amount of the stress 
amplitude; in other words, when tensile 
stresses disappear from the cycle. Al- 
though fatigue fracture seems to start 
usually along a slip plane on which ex- 
cessive shear has taken place, it cannot 
spread easily if the walls of the crack are 
pressed together by a compressive stress; 
the importance of tensile stresses for 
fatigue fracture has been particularly 
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emphasized by Almén.’? It is to be ex- 
pected, then, that the pressure test can 
increase the fatigue endurance of a local 
stress peak if the above condition of a 
fully compressive stress cycle is fulfilled 
i.e., if the first zig-zag returning from the 
point P; in Fig. 16 intersects the strain 
limit line OV in a point whose abscissa is 
greater than OA. The practical possi- 
bility of such an improvement has been 
demonstrated by Forrest? who could in- 
crease the fatigue endurance of notched 
duralumin specimens by about 100% by 
preloading in tension. 

It might be dangerous to rely on the 
beneficial influence of the pressure test 
uncritically. The test can hardly increase 
the fatigue endurance significantly unless 
the above condition of an all-compressive 
stress cycle is at least approached; this, 
however, requires a very special relation- 
ship between the positions of the stress- 
strain curve and of the strain limit lines 
for the working pressure and for the test 
pressure. In addition, it is not known 
whether the effect observed by Forrest 
would be equally marked for stress con- 
centrations extending over larger volumes 
Finally, one must keep in mind that the 
pressure test may produce small cracks at 
points of high stress concentration; thus, 
it may conceivably lead to fatigue failure 
when the vessel would be safe without 
the test. 


12. THE EFFECT OF STRAIN AGING 


As mentioned, strain aging which occurs 
in low-carbon steels with a sharp yield 
may be of importance in increasing the 
fatigue endurance at stress peaks. The 
conditions under which such a beneficial 
effect may occur can be discussed with 
reference to Fig. 17 which differs from Fig 
6 only by the stress-strain curve being that 
of a steel with an upper and a lower yield 
point; the case is that of repeated bending 
of a mainly elastic bar, or plate, and the 
figure refers to the thin plastic surface 
lavers of the plate. At the first loading, 
the upper yield point is exceeded and the 
stress-strain point P, on the strain limit 
line AX reached. When the load is re- 
moved, the stress-strain point would follow 
the path PP’R in the absence of Bauschin- 
ger effect; in reality, it takes the curved 
path PR". The second loading would lead 
to a point on the stress-strain curve if it 
took place immediately; however, strain 
aging will be practically complete before 
the second pressure load is applied to the 
boiler, and it will have raised the yield 
stress to the value of the new upper yield 
point U”. If this happens to be above the 
strain limit line AX, no further plastic 
deformation can take place: the plastic 
strain is “shaken down"’ to its final value 
by strain aging after the first cycle 
Whether this process occurs depends on the 
relative position of the strain limit lines 
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and the stress-strain curve, and on the 
difference between the upper and lower 
yield points. The upper yield point is a 
rather capricious quantity; stress peaks 
may easily make it disappear, i.e., they 
may depress it to the level of the lower 
yield point. On the other hand, if the 
stress distribution is extremely uniform, 
the upper yield point may rise 100% 
above the lower yield point. Since non- 
uniformities of stress distribution are fairly 
effectively eliminated by plastic yielding 
before the strain-aging process, the point 
U may easily be very high above P, and 
the chances of a “shakedown” by strain 
aging are good. 

A comparison of Fig. 17 with Fig. 16 in- 
dicates that strain aging may be more 
effective than the strain hardening during 
prestraining in improving fatigue en- 
durance. This possibility will have to be 
remembered whenever low-carbon steels 
are replaced by stronger alloy steels that 
do not show the yield phenomenon. 

Strain aging, of course, does not occur at 
sufficiently low temperatures. However, 
steels that show substantial strain-aging 
cannot be used in any case under such 
circumstances because they become notch- 
brittle at temperatures not far below, and 
sometimes above, the freezing point of 
water. ° This excludes their use of the 
construction of pressure vessels below a 
temperature that must lie above the transi- 
tion temperature of the steel, separated 
from it by a generous safety margin. 


Summary 


1. A graphical method is given for ob- 
taining the stress and strain amplitudes 
and their change during cyclic loading at 
local stress peaks exceeding the elastic 
limit. 

2. Unless strain hardening is absent, 
the yield stress is bound to rise at the 
points of local yielding during cyclic 
loading until plastic deformation ceases. 
When it has ceased, the stress amplitude 


Stress 


0-8; 


Fig. 17 Effect of strain aging upon 
the local stress amplitude at a plastic 
stress peak 


is the same as it would have been in the 
absence of yielding. Since the influence 
of the mean stress of the cycle upon the 
safe amplitude in the interval between al- 
ternating and repeated stressing is usually 
a minor one, local plastic yielding does not 
generally reduce the danger of fatigue fail- 
ure, 

3. The relatively small notch-sensi- 
tivity in fatigue tests, in all probability, is 
a size effect. It would be dangerous to 
rely on empirical stress concentration 
factors obtained from notched bar fatigue 
tests in assessing the danger of fatigue in 
very much more extended stress concentra- 
tions in engineering structures. 

4. If the assumption is made that frac- 
ture in alternating straining at high strain 
amplitudes occurs when the total absolute 
amount of the plastic strain reaches a 
critical value, the number of cycles to frac- 
ture must be approximately inversely pro- 


portional to the strain amplitude. This is 
in agreement with observations. 

5. In low-carbon steels that show the 
yield phenomenon and develop Liiders 
lines, strain hardening by prestressing is 
unlikely to increase the fatigue endurance. 

6 In steels that show no yield phe- 
nomenon but have a steeply rising stress- 
strain curve, as well as in typical non- 
ferrous metals, the effect of prestressing 
upon the fatigue behavior of the structure 
is probably usually insignificant; it may 
be beneficial if the residual stress left after 
pre-stressing is so strongly compressive 
that the stress remains compressive 
throughout the working cycle, and it may 
be injurious if the pre-stressing has led 
to the formation of microscopic cracks at 
a stress peak. 
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Hydrogen in Mild-Steel Weld Metal | 


§ Review of published and unpublished information on the occurrence and 
effects of hydrogen in mild steel weld deposits made by shielded-metal-arc 
welding with covered electrodes, hydrogen in commercial electrodes, effects 
of hydrogen on porosity, cracking, fisheyes, mechanical properties, welding 
considerations, practical applications and engineering recommendations 


by A. L. Schaeffler, H. C. Campbell and 
H. Thielsch 


Summary 


Definition 


Hydrogen embrittlement is a term applied to the reduction in the 
ductility and toughness of steels which is caused by presence of 
small quantities of hydrogen. 


Hydrogen in Weldments 


Hydrogen is generally supplied to the weld metal from either 
(1) certain atmospheres which may surround the welding medium 
and /or the presence of humidity, or (2) an electrode coating con- 
taining moisture, cellulose or other hydrogen producing com- 
pounds or (3) the base metal itself. 


Mechanism of Embrittlement 


It is generally believed that hydrogen, which is evolved from 
substances in the electrode coating, is dissociated into atomic 
hydrogen by the intense heat of the are atmosphere. In this 
state, hydrogen is readily soluble in iron and thus diffuses into 
the molten weld metal from the are atmosphere. The diffusion 
rates of atomic hydrogen are higher in ferrite than in austenite 
and depend also upon the permeability characteristics of each 
particular steel. In the absence of phase changes, the diffusion 
rates tend to increase with temperature. However, they are 
noticeable even at ordinary room temperature. When the atomic 
hydrogen enters porosity, cavities, microcracks, etc., which, al- 
though often extremely small, are present in cast steels and weld 
deposits, it tends to change into the molecular form. In this state, 
hydrogen does not diffuse because of the larger size of the mole- 
cule and thus it remains in the steel. This so-called precipitation 
of molecular hydrogen is believed to cause severe multiaxial 
stresses. 

If the stress system permits ductility, the steel can withstand 
these severe internal stress concentrations. However, if the steel 
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is hard and brittle or if the stress system does not permit plastic 
deformation, failure may occur, particularly if a high degree of 
restraint has introduced severe shrinkage stresses. Thus the de- 
gree of embrittlement is a function of the amount and nature of 
the hydrogen present and the magnitude, distribution and na- 
ture of the internal stresses in the weldment 


ippearance of Fractures 


The fractured surface of slowly deformed specimens, when em- 
brittled by hydrogen, will usually exhibit bright spots which are 
usually identified as “‘fisheyes.’”” The center of the bright spot 
generally contains a dark appearing crack or porosity 


Effects on Mechanical Properties 


The effects of hydrogen on mechanical properties may be as- 
cribed to one or several factors: (1) void spaces, cavities or micro- 
cracks, (2) the internal state of stress and (3) the rate of strain- 
ing. The first two have already been mentioned. Straining 
tends to increase susceptibility to hydrogen embrittlement 
This is believed to be due to the fact that straining provides 
areas within the steel in which molecular hydrogen can form 
However, at very high strain rates, the hydrogen does not have 
sufficient time to diffuse and form the molecular state. Under 
these conditions, strain rates approaching impact-testing rates 
would not increase the embrittlement of weldments of relatively 
high-hydrogen content. However, the straining rates which 
occur in tensile and bend tests increase the severity of the hydro- 
gen embrittlement. Other factors and mechanisms may some- 
what obscure these results. 


Welding Considerations 

In most ordinary welding operations, the use of the special 
low-hydrogen electrodes may not be necessary. However, when 
hardenable steels are to be welded or when shrinkage or other 
factors set up severe multiaxial residual stresses, the use of low- 
hydrogen electrodes may be advisable or even essential 


INTRODUCTION 


N RECENT years considerable attention has been 
given to studies of the effects of hydrogen on the 
physical properties of steels. When hydrogen is 
present in wrought and cast steels, it generally 
occurs in such small amounts that it does not affect 
the mechanical properties significantly. However, it 
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has been observed that the presence of quantities of 
hydrogen as small as 0.0003 weight per cent causes a 
reduction in the ductility and toughness of the steel. 
This loss in ductility and toughness is considered “ab- 
normal” since it is not accompanied by an increase in 
tensile strength or hardness. Moreover, the effect 
generally is only temporary because aging for a suf- 
ficient period of time at a moderate, or even at room 
temperature, tends to remove all but insignificant 
amounts of hydrogen. 

The embrittlement which is associated with the loss of 
ductility and toughness is termed hydrogen embrittle- 
ment. 

Welding with bare electrode rods or wires is ordinarily 
not desirable because, during the transfer of metal 
from the electrode to the base metal, the liquid weld 
metal tends to absorb oxygen and nitrogen from the 
atmosphere. This generally produces a very brittle 
weld deposit. To prevent this detrimental absorption 
of oxygen and nitrogen, protective gases have to be 
provided which shield the weld metal so that it is 
transferred without contact with the ordinary at- 
mosphere. This can be accomplished either by sur- 
rounding the liquid weld metal with a gas stream that 
is not absorbed by, or at least does not embrittle, the 
weld metal or by covering the electrode with a mineral 
and/or organic coating which produces protective 
gases and slags during the welding process.” * 

In weld deposits made from coated are-welding elec- 
trodes, significant quantities of hydrogen are generally 
introduced from the electrode coating into the weld 
metal. Even weld deposits from lime-ferritic or basic* 
electrodes, which are considered to be low-hydrogen 
types, may thus contain 10 to 20 times as much hydro- 
gen as ordinary wrought steels.* '* In fact, some weld 
deposits from high-silicon-bearing electrodes have been 
found to contain 30 times as much hydrogen as ordinary 
steels.‘ Because hydrogen, in these larger quantities, 
may be detrimental to the physical properties, numer- 
ous efforts are being made to develop special low-hydro- 
gen types of electrodes and to prevent moisture ab- 
sorption by the electrode coating. 

The low-hydrogen electrodes have also been refer- 
red to as cellulose-free, low-moisture, mineral-coated, 
lime-coated* and lime-ferritie types.25* Probably 
the term lime-ferritic is most descriptive because the 
term denotes both the type of coating and the type of 
core wire, that is, a lime-base, low-hydrogen type coat- 
ing on a mild-steel or low-alloy (ferritic) type core wire. 


* European usage. 


COVERED ELECTRODES 


The primary purposes of the coatings on covered 
electrodes are (1) to prevent or minimize the absorp- 
tion of atmospheric oxygen and nitrogen by the liquid 
weld metal by providing a gas shield against the at- 
mosphere and (2) to facilitate weld-metal alloying and 
deoxidation. 

Table 1 lists typical results which show how oxygen 
and nitrogen in the weld metal produced by bare and 
covered electrodes affect the mechanical properties 
of an all-weld-metal specimen.” These results show 
that the covered electrodes, which produce slags and 
protective gases, provide protection for the molten 
metal during deposition and thus help to produce a 
weld deposit which will generally exhibit satisfactory 
mechanical properties. The actual shielding action 
depends upon the type and thickness of the coating. 

Electrode coatings usually contain materials such as 
organic compounds, oxides, hydroxides, carbonates, 
carbonyls, silicates, chlorides, fluorides and various 
other metallic compounds.?" 

The first commercial coatings produced in the United 
States were mainly composed of cellulose and sodium 
silicate. During welding, these substances were pri- 
marily decomposed into CO, H, and small amounts of 
CO, and water vapor.” 

Actually, the atmospheres produced by all covered 
commercial electrodes contained different amounts of 
these four gases. The reaction, which takes place at 
about 2370 to 2730° F. (1500 to 1800° C.) may be de- 
scribed’® ** * by the equilibrium relation generally 
called the water-gas reaction. 


CO + H.O = CO, + Hy 


The operating characteristics of the commercial 
mild-steel and low-alloy-steel electrodes, which pri- 
marily depend upon the type of electrode coating, 
are listed in Table 2. 

Table 3 gives the gas content of typical shielding 
atmospheres produced by various electrodes which are 
manufactured commercially in the United States. 
The constancy of the equilibrium “constant” or mass- 
action factor “Kw” indicates that approximate equilib- 
rium conditions are obtained in the are." 

The effect of moisture in the electrode coating will 
vary with the type of coating. Thus moisture, when 
it is present in the low-hydrogen, lime-ferritic types of 
electrodes, is normally accepted as being detrimental. 
On the other hand, in cellulosie-type coatings a moder- 
ate moisture content is held to be beneficial. The 
generally accepted explanation is that moisture in 


Table 1—Effects of Oxygen and Nitrogen on the Mechanical Properties of Weld Metal” 


Composition*, % Yield strength, Tensile strength, Elongation Charpy Bend 
psi psi. in 2 in. ft-lb. elongation % 
Bare wire 0.227 0.150 25,000-40,000 25,000-45,000 2.0 1.0-2.0 3 
Covered electrodes (cellulose-ty pe coating) 0.0448 0.0067 57 .000T 35 35.0 Over 30 


* Different types of electrode coatings will produce variations in the composition of the weld deposit—particularly in the nitrogen con- 


tent. 


t Somewhat higher values could be expected from present-day electrodes. 
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Table 2—Operating Characteristics of Mild-Steel and Low-Alloy-Steel Electrodes*™ '* 


Penetra- Surface 
Classification Current and polarity Welding positions Type of covering tion appearance Slag 
EXX10 d. c., reverse polarity (electrode positive ) All High-cellulose Medium Flat, wavy Thin 
sodium to deep 
EXXI1 a. ¢., or d. ¢., reverse polarity (electrode All High-cellulose Medium Flat, wavy Thin 
positive) potassium to deep 
EXX12 d. c.,-straight polarity (electrode negative) All High-titania Medium Convex,rippled Heavy 
or a. ¢ sodium 
EXX13 a. c. or d. ¢., straight polarity (electrode All High-titania Shallow Flat or concave, Medium 
negative) potassium slight ripple 
EXX15 d. ¢., reverse polarity (electrode positive All Low-hydrogen Medium Fiat, wavy Heavy 
sodium 
EXX16 a. c. or d. c., reverse polarity (electrode All Low-hydrogen Medium Flat, wavy Heavy 
positive ) potassium 
EXX20 d. ¢., straight polarity (electrode negative H-Fillets and flat Highiron oxide Deep Flat or concave, Heavy 
or a. c. for H-fillets; d. ¢., either polarity, smooth 
or a. c. for flat position welding 
EXX30 d. ¢., either polarity, or a. c. Flat only High iron oxide Deep Flat, smooth Heavy 


* The two symbols XX in the electrode classification, for example EXX10, indicate the minimum tensile strength of the deposited weld 


metal in the stress-relieved condition. The last two numbers represent the type of coating. Thus an £7010 electrode will produce a weld 
deposit with a tensile strength of over 70,000 psi. and will] have a high-cellulose, sodium-type coating. In the 60,000 psi. class (mild steel) 
the tensile test is made on an as-welded deposit. In the 70,000 psi. and higher classes (low alloy) the tensile test is made on stress- 


relieved deposits, 


these coatings does not seem to increase the partial 
pressure of hydrogen. In fact, in a few cases the partial 
pressure of hydrogen has been found to decrease with 
increases in the moisture content of the cellulosic coat- 
ing. This contention has been supported by theoretical 
considerations** and by observations that fisheyes 
which are associated with hydrogen embrittlement, 
decreased with increasing moisture content.** The 
presence of moisture has also been held to be desirable 
on the grounds that its dissociation in the flux crucible 
of the electrode controls the decomposition of the or- 
ganic portion of the coating.” 

In lime-coated electrodes, increases in the moisture 
content will raise the partial pressure of hydrogen and, 
in turn, increase susceptibility to hydrogen embrittle- 
ment.” ** %-%7 The hydrogen content of mild-steel 
deposits as a function of the moisture content is given 
in Fig. 1 for several electrode grades.” 

The effect of changes in the moisture content of the 


Table 3—Mass-Action Constants for the Reaction Between 
Gases in Various Are Atmospheres” 


Per cent by volume in are 
atmosphere 


Name Electrode type CO CO, Kw* 
Xi E6010 16.2 40.7 39.4 2.7 0.172 
X2 86013 17.2 36.7 42.3 3.8 0.191 
X3 E6020 20.6 41.4 34.2 3.8 0.223 
Experimental LHLCft 9.0 19.2 63.4 8.4 0.283 
X5 Experimental LHLCft 10.4 16.9 61.3 11.4 0.304 
X6 Experimental LHLCt 12.2 15.4 59.5 12.9 0.274 
X7 Experimental LHLCt 17.4 10.7 49.9 22.0 0.272 
X8 Experimental LHLCt 8.2 7.5 68.4 15.9 0.213 
x9 Experimental LHLCt 8.1 10.6 68.6 12.7 0.242 
X10 Commercial LHLCt 8.1 8.7 69.0 14.2 0.221 
X11 Commercial LHLCt 2.1 3.1. 
X12. Experimental LHLCt 15 1.8 79.8 16.9 0.254 
Av 0.241 

Larson's data, cellulose- 
sodium silicate coating 5.6 51.2 42.1 1.1 0.239 


* Mass-action constant for water-gas reaction: 
Pu, X Pco: 
Paw X Peo 


+ Low-hydrogen, lime-coated. 


Kw = 
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coating may not always be self-evident. Stout, Doan 
and co-workers® found that test welds in ship steel 
showed only a slight impairment in properties when a 
lime-ferritic electrode was soaked in water* or oil before 
welding or when city gas was introduced into the weld 
zone; and a cellulosic electrode} was baked at 1000° F 
(540° C.) with no appreciable improvement in the 
properties of the deposited weldment. It seems likely 
that differences in performance could have been de- 
tected had their welds been made under higher re- 
straint on a more hardenable steel. Thus Flanigan* 
found that soaking low-hydrogen E6016 electrodes in 
water or introducing hydrogen gas into the are when 
welding with dry electrodes did not greatly affect the 

* Actually, soaking in water is not necessarily the most effective method 
of introducing moisture into the arc atmosphere Thus, Winterton'’ has 
found that five times as much hydrogen evolved from a weld deposit made 
with a lime-ferritic electrode exposed to damp conditions for a period of 
several weeks as from a weld deposit made from the same electrode after it 
had been immersed in water for a few days 

t Ordinarily a cellulosic electrode should not be baked at such high tem 
peratures since some moisture in the coating is necessary for efficient opera 
tion of this electrode. Baking at temperatures even as low as 230° F 
110° ¢ tends to effect the performance adversely.'*? On the other hand 
tests on electrodes equivalent to the EXX12, EXX13 and EXX15 types 
have shown that baking reduces the hydrogen content, and that this is 


usually associated with a decreased tendency toward underbead and weld 
metal cracking. 
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Fig. 1 Hydrogen solubility at 2785° F. (1530° C.) vs. 
partial pressure and moisture” 
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ductility if the cooling rates below about 400° F. 
(205° C.) were not too rapid. More rapid cooling 
rates, however, can cause considerable impairment™ * 
which might be associated with the formation of low- 
temperature transformation products coupled with 
hydrogen embrittlement. 

Additions of CaCO, to cellulosic-, titania- and iron- 
oxide-type coatings supply CO, and would tend to 
increase the partial pressure of CO. On the other hand, 
in lime-type coatings, CaCO; additions would decrease 
the partial pressure of CO.” The effect of variations 
in the composition of experimental coatings is shown 
in Fig. 2.? 

Any increase in CO, will always decrease the partial 
pressure of hydrogen by (1) dilution and (2) oxidation 
of hydrogen to water vapor in agreement with the 
basic equilibrium equation. 

The ability of a metal system to absorb hydrogen 
has been related to a so-called hydrogen potential which 
is a chemical attribute of the hydrogen released during 
the moment of reaction which generates known or 
calculable pressures of hydrogen. Since the absorp- 
tion of hydrogen in metals is a function of the hydrogen 
pressure, these hydrogen potentials provide a basis for 
calculating the liability of the various metal systems 
to hydrogen pickup from the moisture reaction.” '™ 

Weld defects from moisture in electrode coatings can 
be more severe than those resulting from an atmosphere 
of atomic hydrogen.“? Moreover, air, even when 
relatively dry, may hydrogenize steel as effectively as 
melting under one atmosphere of pure H:.* Increas- 
ing humidity increases the hydrogenizing power of the 
air to an equivalent of many atmospheres of pressure 
of pure Hy.” The gas content of the metal will in- 
fluence this condition. The lower the effective oxygen 
pressure of the metal, the greater will be the hydrogen 
potential.” Effective orygen is the oxygen which can 
be easily removed from the original chemical com- 
pound.” In metal-are welding the effective oxygen 
refers to the oxygen obtained by the reduction of those 
oxides which have a sufficiently low heat of formation to 
allow their decomposition by the bead produced by the 
welding are. Iron oxides, nickel oxide and water (hy- 
drogen oxide) are typical oxides readily reduced by the 
welding heat. 

The presence of a certain amount of effective oxygen 
seems to be important to the deposition of good welds. 
For example, in the cellulose type of coatings it is com- 
mon practice to balance the formula with a certain 
amount of moisture in the coating.'*' If these coatings 
are baked too dry, the weld is very likely to contain 
pits and holes especially along the edge of the weld."*! 
If these are not removed by chipping, they often result 
in weld defects which are readily observed in radio- 
graphs.'*' According to Larson" this difficulty can be 
prevented by rehumidifying or, in some cases, by im- 
mersing the electrodes in water for a few minutes. 
However, porosity occurs also in the weld if the coating 
absorbs too much moisture—as in storage in a damp 
place.'*' Although such welds may appear perfect on the 
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surface, radiographs would reveal porosity in the weld 
deposits .'' This difficulty can be overcome by 
redrying the electrodes.'*' This illustrates that the 
presence of some water in the cellulose-type coatings is 
beneficial in that it provides a certain amount of ef- 
fective oxygen. The hydrogen which is produced by 
the reduction of a moderate amount of water does not 
seem to be detrimental under ordinary welding condi- 
tions; that is, in welds of low restraint on a relatively 
low-hardenability base steel. However, beyond a 
certain limit of water the detrimental effects of hydro- 
gen produced in the water reduction by the are will 
outweigh the advantages of the effective oxygen—and 
porosity will result. 

Steel at 2910° F. (1560° C.), containing 0.01 weight 
per cent of FeO, for example, could become quite im- 
mune to hydrogen pickup if the air were moderately 
dehumidified as would be natural in cold clear weather; 
but hot and humid summer weather could quickly ex- 
tend the hydrogenizing potential for that same steel 
to 10 atmospheres.” With lower oxygen contents the 
sensitivity of the steel to atmospheric moisture is tre- 
mendously increased.“ 

Because of the great effect of FeO, it is highly im- 
portant to consider the action of those elements which 
strongly reduce FeO.“ For example, as the carbon 
content increases toward the tool steel and even into 
the cast-iron ranges, the hydrogen potentials climb into 
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the hundreds of atmospheres.“ For any given carbon 
content the potentials rise rapidly with temperature. 

Aluminum and silicon also cause a very large in- 
crease in the hydrogen potential. This is significant 
when considering the increased cold crack sensitivity 
of killed steels.“* Silicon, for example, reduces the 
effective oxygen content and produces hydrogen by the 
following reaction. 


Si + 2H.O = SiO. + 2H, 


COMMERCIAL ELECTRODES 


General Considerations 


The selection of the type of electrode, and in particu- 
lar of the type of covering, primarily depends upon the 
type of steel that is to be welded and upon the proper- 
ties that the welded section should exhibit.*" 4% 181 

It is also important to realize that the welding char- 
acteristics of coated electrodes are largely controlled 
by the nature of the coatings. Thus when the same 
core wires are covered with different types of coatings, 
the resulting electrodes often exhibit widely different 
operating characteristics.'!* 


Cellulosic- Type Electrodes 


The cellulosic-type electrodes® usually contain over 
25% cellulose in the electrode coating. The balance is 
generally made up of titanium dioxide, various types 
of magnesium or aluminum silicates, metallic de- 
oxidizers such as ferromanganese and sodium sili- 
vate solids*. Instead of sodium silicate, potassium 
silicate may be used.t Since cellulose readily forms 
hydrogen, these electrodes are primarily used in weld- 
ing the ordinary unalloyed’ mild steels which are less 
susceptible to hydrogen embrittlement than harden- 
able alloy steels. Typical applications include pres- 
sure vessels, ship building and construction of bridges 
and buildings, storage tanks and pipes. 

The cellulosic-type electrodes usually provide globu- 
lar metal transfer and fair are stability." 


Titania-Type Electrodes 


The high titania-type electrodes® have a coating 
containing rutile, siliceous material, cellulose, metallic 
deoxidizers such as ferromanganese and liquid silicate 
binders. Since both sodium silitatet and potassium 
silicate§ are used, the electrodes, therefore, are termed 
high-titania sodium{ or high-titania potassium§$ 
types.” 41 

It will be noted that this coating contains cellulose, 
although in a smaller quantity than the cellulosic type 
of electrode; the weld deposits are thus often subject 
to hydrogen embrittlement. (In England, the addition 


0; (Brit. class 1) 
1: (Brit. class 1) 
2; (Brit. class 2) 
13; (Brit. class 3) 
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of cellulose to coatings of the high-titania type is not 
practiced.'*) 

The source of rutile used for these electrodes has 
been reported to affect the tensile properties of the 
weld metal.** Sensitivities of this nature, that is, to 
local variations in the coating ingredients, are prob- 
ably not peculiar to any class of electrode. 

The titania-type electrodes are used largely for 
light sheet-metal work and for fast production work 
involving moderate penetration and poor fit-up. 

These types of electrodes usually operate with a 
stable arc, although the fine globular weld metal trans- 
fer combined with a relatively short arc results in a 
rapidly cracking sound. 


Iron-Oxide Type Electrodes 


The iron-oxide coating*,™ is essentially an all-min- 
eral covering, with a high percentage of iron oxide, 
manganese compound and silica, and with sodium 
silicate binder. The coverings of both the EX X20 
and EX X30 electrodes contain less than 5% cellulose.’ 
Electrodes that deposit welds with tensile strengths of 
70,000 psi. and over contain alloying elements to pro- 
vide the desired mechanical properties. '™ 

This electrode type depends upon extensive slag 
coverage and extensive slag-metal reaction for deoxida- 
tion and protection of the weld metal. The volume of 
gas generated by the iron-oxide coatings is far less 
than that of the other electrode types, E6010 for ex- 
ample. Therefore, although there is no great volume 
of hydrogen present, such as is the case in the cellulosic 
grade, the partial pressure of hydrogen is nevertheless 
high because such moisture as is present in the electrode 
remains undiluted by other gases. The iron-oxide elec- 
trode is thus not to be considered a low-hydrogen type, 
although it may be an all-mineral coating. Weld de- 
posits particularly on air-hardenable steels may be 
subject to hydrogen embrittlement. However, the 
high welding currents which are commonly used are 
conducive to sound welds for the most part.t 

The iron-oxide electrodes are used for heavy produc- 
tion welding of all types limited to flat production or 
H-fillet welding. Applications include pressure ves- 
sels, heavy machine bases and structural parts. These 
electrodes generally provide a spray-type of metal 
transfer and exhibit good arc stability.''* 


Low-Hydrogen-Type Electrodes 


The low-hydrogen electrode coating consists largely 
of minerals, of which a high percentage are gas-forming 
materials such as calcium, magnesium, sodium or potas- 
sium carbonates. '™ 


* Electrode Classifications A.W.S. EX X20, EX X30; (Brit. class 4 

+t This point seems to be controversial. British experience with equivalent 
electrodes is that high-welding currents are liable to increase considerably 
the cracking tendencies.’ Tests carried out at the British Welding Re- 
search Assn.'* have also shown that the evolution of hydrogen at room 
temperature increases with increasing welding current Whether this ac- 
counts for the increased cracking tendency has not yet been established. '* 
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The d.e.f and a.c.-d.c.§ types have been classified 
as low-hydrogen-sodium{ and low-hydrogen-potas- 
sium.§® # 

These coatings are essentially’ free from hydrogen 
because of the careful elimination of any hydrogen- 
bearing materials from the coating and because of spe- 
cial baking procedures which reduce the moisture con- 
tent generally to less than 0.5%. In addition, the 
coatings provide a voluminous gas shield, which is 
generated by the decomposition of the carbonate in- 
gredients and which dilutes whatever residual moisture 
does enter the are atmosphere. 

The operation and are characteristics of the low- 
hydrogen electrodes are similar to those of stainless- 
steel electrodes."* A short are must be maintained 
during welding in order to confine the are atmosphere to 
the welding zone. 

Low-hydrogen electrodes were initially developed 
with a tensile strength in the 60,000 to 70,000 psi. 
range to produce deposits of exceptionally clean but 
thoroughly deoxidized steel and capable of permitting 
the introduction of a wide variety of alloys.“* Cellu- 
lose, combined-water compounds and reducible oxides 
were omitted because of their detrimental effects on 
weld quality, weld appearance and electrode usability.‘ 
These features of the low-hydrogen electrodes permitted 
the extension of metallie-are welding to the fabrication 
of steels previously difficult to weld or completely un- 
weldable.'"* Thus, these electrodes have been proved 
very useful on many high-strength, high-carbon alloy 
steels, on malleable iron, on spring steels, for welding 
the mild-steel side of clad plates, for welding steels 
which will subsequently be enameled, for welding all 
high-sulphur- or selenium-bearing steels, and proprie- 
tory low-alloy steels and silicon steels. 


OPERATING CHARACTERISTICS OF 
ELECTRODES 


The operating characteristics of the major electrode 
classifications produced in the United States are listed 


in Table 2. 
Penetration values for these electrodes are shown in 


3 Electrode Classification A.W.S. EXX15; (Brit. class 6) 
§ Electrode Classification A.W.S. EX X16 
Some of the lime-ferritic electrodes now used for low-strength ‘‘non- 
cracking’ work produce atmospheres with as much as 10% hydrogen by 
volume. However, the trend is toward higher baking temperatures and 
ower hydrogen content for all low-hydrogen electrode grades 


Table 4.°' These data indicate that the lime-ferritic 
electrodes require the highest amperage for efficient 
operation, 

Mathias and Bunk*! compared the deposition rate, 
efficiency, spatter loss and burn-off rate of a lime-fer- 
ritic electrode with similar characteristics of an E6020 
type. At the same amperage, lime-ferritic electrodes 
have lower deposition and burn-off rates, but the 
amount of spatter is much less and deposition ef- 
ficiency is greater. A direct comparison of these elec- 
trodes at the same amperage is probably valid; how- 
ever, it is not useful to the welder because, as Smith 
and Rinehart*! pointed out, lime-ferritic electrodes 
are generally used at higher operating amperages than 
the other mild-steel types (see Table 4). Nevertheless, 
low-hydrogen electrodes, although capable of operating 
at high current values, are not always used at amper- 
ages in excess of those used with other mild steel 
electrodes." EXX12, EXX20 and EX X30 electrodes 
are regularly used with excellent results at current values 
equal to or higher than those used for the low- 
hydrogen electrodes.'™ 

Similar considerations apply when comparing the 
deposition and burn-off rates of lime-ferritic and aus- 
tenitic stainless electrodes” lime-ferritic 
types, because of their characteristically higher operat- 
ing currents, surpass the austenitic types in practice. 

In discussing operation, Barnett*® stated that spatter 
with the lime-ferritic electrode is less than with any 
other E60XX type. Excellent radiographic soundness 
is attainable with good technique. 


since the 


EFFECTS OF HYDROGEN 


General Considerations . 


It is now generally believed by most investigators** 
that the hydrogen, which is evolved from substances 
in the electrode coating, is dissociated into atomic 
hydrogen by the intense heat of the arc atmosphere. 
In this state, hydrogen is highly soluble in the molten 
weld metal and readily diffuses into the weld and base 
metals. 


Spatter 


The influence of hydrogen on the spattering of fused 


Table 4—Penetration of Fillet Welds Manually Deposited in the Flat Position on * ;-In. Steel with °/»-In. Electrodes" 


AWS-ASTM Current and Penetration, 
classification no. Type of coating polarity Amperes Volts mm. 
£6010 High-cellulose sodium d. ¢. reverse 160 26 2.0 
E6011 High-cellulose potassium a. c. 160 26 1.3 
£6012 High-titania sodium d. ¢. straight 170 22 1.2 
£6013 High-titania potassium a. C. 170 20 0.5 
£6020 High iron oxide d. ¢, straight 175 33 1.9 
£6020 High iron oxide d. ¢. reverse 175 33 2.3 
NRC-2A Low-hydrogen lime-coated d. ¢. reverse 195 26 1.3 
£12015* Low-hydrogen lime-coated d. reverse {198 4 


* Reference 27. 
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metal during welding with coated electrodes was studied 
by Erokhin.‘* Theoretically and experimentally he 
found that spatter was induced by the presence of 
hydrogen in the weld metal. It may be that any gas, 
particularly hydrogen, initially dissolved in the molten 
weld metal, might bubble out and cause spatter. 

The low spatter loss of the hydrogen-free electrodes 
The reduced ef- 
ficiency of low-hydrogen Ni-Mo-V electrodes at high 
currents is attributed to spatter loss,” but this is ob- 


has been mentioned previously.?* 


viously not a hydrogen effect. 


Formation of Porosity and Cavities During Solidi- 
fication 


The detrimental effects of hydrogen which has been 
absorbed by the weld deposit are often closely associ- 
ated with the presence of porosity and cavities. These 
are believed by many investigators to be caused in 
most cases by the evolution of CO, H,O, H.S and/or 
H.Se in the solidifying steel. Hydrogen may also 
cause porosity, although it is felt by many investi- 
gators that the presence of some other material, such 
as water vapor, is required to initiate the reaction.'® 
This point, however, is controversial since by normal 
methods of analysis, the porous solidified weld metal 
generally will show a relatively low hydrogen con- 
tent.’ Once porosity has been formed, atomic hydro- 
gen may enter readily into the void space by diffu- 
sion. 

There are cases when hydrogen itself is believed to 
cause the formation of porosity. For example, Mal- 
lett’ stated that some weld deposits, made from elec- 
trodes coated with cellulose-type coatings, contained 
dissolved hydrogen in excess of its solid solubility, 
which is 13.3 ce. per 100 gm. at the melting point of 
iron. He assumed, therefore, that hydrogen may cause 
porosity. Electrodes which have been wetted by im- 
mersion in water have also been found to produce 
porosity. ''8 However, the fact that porosity in a 
weld is produced by immersing an electrode in water is 
not in itself sufficient evidence to advance the opinion 
that hydrogen is a source of porosity. Since water 
contains oxygen as well as hydrogen, FeO is formed by 
the reaction of oxygen from the water and during 
welding the FeO in turn reacts with carbon in the de- 
posit to form CO which may produce porosity. 
An electrode is designed to give adequate deoxidation 
to prevent the formation of CO when used under nor- 
mal conditions."* However, if the deoxidation bal- 
ance designed into an electrode is upset by immersion 
in water, porosity is bound to result. In the case of 
conventional electrodes, a combination of base steel 
and electrode metal may result in a degree of deoxida- 
tion in excess of that for which the electrode is de- 
signed, and immersion of the electrode in water will de- 
crease rather than increase porosity." Although it is 
well recognized that hydrogen is very detrimental for 
many applications of metallic are welding, it should be 
equally well recognized that both oxygen and hydro- 
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gen resulting from the decomposition of water play 
important roles in the successful application of the 
conventional electrodes, 

In tests made under synthetic atmospheres of 50/50 
CO and CO,, Mallett and Rieppel* found that weld 
deposits did not show porosity. i 

The differences in opinion on the effects of hydrogen 
on the formation of porosity may well be explained by 
Thus Fast! 
showed that, when molten iron is cooled rapidly in a 
small crucible by radiation and convection, it solidifies 
Because of the sudden drop in 


an analysis of the process of solidification 


first on the surface. 
solubility at the freezing point, the solidifying iron re- 
tains so little gas in solution that the liquid iron under- 
neath becomes temporarily supersaturated with gas 
Fast'’* observed that at a certain moment several 
places in the solidified surface were pushed upward as a 
result of a vigorous formation of gas bubbles in the 
liquid iron. Sometimes the pressures are of such a 
magnitude that the liquid breaks through the pro- 
truding crust and flows over the solid surface with a 
“boiling” phenomena. Under these conditions, poros- 
ity may not only exist underneath the surface, but 
When the 
molten iron is cooled more slowly, more time is avail- 
able for the dissolved atoms to diffuse through the 
liquid and solid metal to the surface. Because of the 


holes may also be formed in the surface. 


rapid rate of diffusion of hydrogen at elevated tem- 
peratures and the slower rate of solidification, most of 
the hydrogen can escape from the supersaturated solu- 
tion without the formation of large porosity under- 
neath the initially solidified surface of the iron. From 
these observations, it should seem likely that, even in 
large steel ingots, hydrogen itself would not be respon- 
sible for the formation of porosity. 

Different considerations hold true for the solidifica- 
tion of weld metal. Thus, Fast* '* pointed out that 
the iron deposited in welding does not solidify inward 
Instead, solidification begins at the interface between 
the parent metal and the shallow pool of the molten 
weld metal. Thus in the solidification of ordinary weld 
metal (already containing carbon in solution), CO, 
COs, He, and are generally released in the 
form of gas bubbles." Under normal conditions, this 
liberation of gases from the metal takes place before 
the outer layer solidifies. The “latent” or equilibriun 
pressure of the gases in the metal is then still greater 
than one atmosphere, but the formation of gas nuclei 
is prevented because, regardless of the cooperation of 
the 
and the liquid metal, this requires an additional pres- 


‘active places” in the interface between the solid 
sure (capillary pressure)."°* However, generally the 
necessary “latent’’ pressure is no longer present at the 
end of the solidification process when most of the gas 
has already escaped. Only if there is any hindrance to 
the formation of gas nuclei (1) through preferred ad- 
sorption of sulphur at the metal surface (poisoning) 
(2) in consequence of increased external pressure or 
(3) through any other possible causes can the formation 
of gas bubbles at the beginning of the solidification be 
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suppressed. Hydrogen evolved from the solidifying 
weld metal (in the later stages of solidification), re- 
sulting from the very much greater supersaturation of 
hydrogen in the solid weld metal, may cause porosity 
in that part of the weld metal which is still liquid. 
Such a “delayed” evolution of gas may account for 
porosity in the weld. It particularly occurs in weld 
deposits from electrodes containing small amounts of 
sulphur.® 

Herres” also contended that hydrogen does not 
ordinarily form bubbles, but may segregate and pre- 
cipitate to produce void spaces in dendritic interstices 
during (rapid) solidification. He believed that porosity 
is initiated by one of the following reactions which 
suggest CO or H,0 as the sources of porosity: 

FeO + 2H = H,O + Fe 
FeO + C CO + Fe 

Herres” also stated that a critical moisture content 
was required to produce porosity in weld deposits. 
His data are based on an experiment using three sets 
of lime-coated electrodes having varying moisture 
content. Radiographs are presented which show that, 
with an optimum moisture content, the weld does not 
contain porosity. His demonstration is not convincing, 
however, because the weld free from porosity was made 
with the highest amperage and lowest voltage, two 
conditions which tend to minimize porosity anyway. 
Herres’ statement that a critical moisture content is re- 
quired to eliminate porosity is at variance with the ac- 
cepted understanding and the work of Mallett and 
Rieppel® (reported previously) who produced sound 
welds without the use of moisture. 

It is generally known that porosity can be produced 
in welds deposited with cellulosic coatings on sulphur- 


or selenium-bearing steels.” ® Welds on the same 
steels with lime-base electrodes were free from surface 
porosity. These results are illustrated in Fig. 3 where 
serious porosity resulted in £6012 weld deposits on a 
SAE-1112 sulphurized called rolled Sound weld 
metal was produced with a low-hydrogen E6016 elec- 
trode."? Although several investigators™ ™ have 
suggested that the porosity is caused by either of the 
following reactions 

2 

H, + Se = 


it seems more likely that porosity is not formed by 
hydrogen sulphide, but that sulphur retards the forma- 
tion of porosity in the molten weld metal toward the 
solidification stage when the gas bubbles cannot escape 
as readily as at higher temperatures where the molten 
weld metal is more fluid."** 7! Actually, furthertheoret- 
ical and experimental work is needed to provide a satis- 
factory explanation. In any case, there is general 
agreement that an increase in the sulphur content 
of welds made with EXX12, EXX20 and similar elec- 
trodes produces porosity, whereas, with the low- 
hydrogen EXX15 type of coatings porosity is far less 
likely to be present. Increasing the phosphorus con- 
tent in any weld did not cause porosity.“ '7* '7* 

As Zapffe” suggested, hydrogen may also be a source 
of porosity in steel when the metal reacts with steam 
(e.g., moisture in the electrode coating). Under these 
conditions, hydrogen is produced under terrific pressure 
and the metal is forced to absorb great quantities of the 
hydrogen which is later released upon cooling. Poros- 
ity can then result if the gas cannot escape rapidly. 
Chromium intensifies the reaction with steam and this 
could possibly be the reason why chromium-bearing 


Fig. 3 SAE-1112 sulphurized cold-rolled steel welded — (left) Type E6012 and (right) Type E6016 (low-hydrogen) 
e trodes 
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steels are more susceptible to porosity.” However, it 
may also be suggested that chromium (as well as many 
other elements) may reduce the diffusion rates of hydro- 
gen in the steel and thereby support the formation of 
gas porosity. 

These various results suggest that hydrogen, as well 
as nitrogen, should be considezed as an important source 
of porosity."°* In addition, a bubble, if it has been 
formed by CO or H,O, has a zero partial pressure for 
nitrogen and hydrogen and hence these gases will 
diffuse into the bubble rapidly. The uninterrupted 
diffusion of hydrogen and other gases into a bubble 
together with the progressive solidification of the steel 
explains the presence of elongated cavities (wormholes) 
in welds. 

Until now the discussion on the formation and gas 
content of porosity has referred primarily to hydrogen 
and CO. This, however, may be an oversimplification 
in that the gas entrapped in the porosity may also 
contain significant quantities of methane.” Hydrogen 
decarburizes steel* '* at high temperatures according 
to the reaction: 

Fe,C + 2H, — CH, + 3Fe 


If a weld deposit into which hydrogen has been intro- 
duced is cooled and subsequently reheated in a vacuum, 
hydrogen will be withdrawn.'” Heating at progres- 
sively higher temperatures produces a flow of hydrogen 
at each new temperature, although flow had actually 
ceased at the low temperature.” This effect can be 
produced up to and above temperatures at which sub- 
stantially all hydrogen should have been removed. 
This is entirely consistent with the behavior expected 
of methane or a methane-hydrogen mixture.'” 

At each temperature and pressure a fixed quantity 
of methane is in equilibrium with a fixed quantity of 
hydrogen. If the temperature is increased from 7 to 
T2, some of the entrapped hydrogen will be dissociated 
and the liberated atoms will diffuse into the steel.' 
Equilibrium will be upset and methane will decompose 
to produce hydrogen and restore equilibrium con- 
ditions." Heating to 7; will repeat this process, with 
a further supply of hydrogen by methane decomposi- 
tion. Thus, the behavior of the mixture (or of methane 
alone) is entirely consistent with the steplike evolution 
of hydrogen on heating to progressively higher tem- 
peratures." 

Other factors affect the formation of porosity. 
High welding speeds, by increasing the rate of solidi- 
fication, tend to trap gases.“ High welding currents 
ordinarily minimize porosity formation.“ However, 
in sulphur-bearing steels porosity tends to increase 
with higher current.”' In mild steel weld metal, 
silicon bet ween about 0.10 and 0.50% promotes porosity. 
On the other hand, a higher silicon content or the ab- 
sence of silicon have been found to minimize the forma- 
tion of porosity. Similarly manganese above about 
1.0% and carbon above 0.4°7, minimize the formation 
of porosity.“ These results point out that, aside from 
the presence of hydrogen and other gases, there are 
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various other factors which may either cause or pro- 
mote porosity. It must also be realized that although 
some elements may behave bereficially by reducing 
the formation of porosity, they may cause other detri- 
mental effects as, for example, they may promote 
crack sensitivity. 

The shrinkage of molten weld metal containing 
hydrogen is considerably higher than that of essentially 
hydrogen-free weld metal.'*? is attributed to 
microporosity caused initially by hydrogen.'** The 
subsequent escape of hydrogen and the surface tension 
result in contraction of the porosity which is apparent 
by the increase shrinkage of the molten weld metal. '** 


Cracking Mechanism 


Even before hydrogen embrittlement had been 
associated with the formation of fisheyes it had been 
realized that hydrogen could produce stresses in steels 
which could cause or promote cracking and failure in 
the steel and in welds.® !* In fact, it had already 
been known for a long time that hydrogen may 
not only be introduced into the molten steel or weld 
metal at elevated temperatures, but may also diffuse 
into the steel at ordinary room temperature (see for 
example, Cailletet'**). Thus if an atomic-hydrogen 
layer is developed at room temperature on the steel sur- 
face, as occurs in electrolytic reactions,'®  ® '% 
the hydrogen probably will diffuse into the steel. 
Hydrogen diffusion data are usually based upon per- 
meability data.’ Although ordinarily diffusion 
rates of hydrogen through metals rise with temperature, 
permeability also varies with the method of intro- 
ducing hydrogen.'® Nascent hydrogen released at the 
liquid-metal interface, as in an electrolytic cell, may 
introduce large volumens of hydrogen into the metal and 
develop high stresses at the interface. Under such 
conditions a high permeability is developed.'** '® The 
permeability is also influenced by the history of the 
metal. Iron previously subjected to hydrogen penetra- 
tion is more readily permeable on each subsequent ex- 
posure. The increase permeability of freshly pickled 
iron is an example of this effect." The iron may be 
restored to the initial permeability by a conditioning 
heat treatment. 

When the atomic hydrogen enters the extremely 
small porosities and cavities which are present in cast 
steels and weld deposits, it tends to change into the 
molecular form and thus remain in the steel, since 
molecular hydrogen does not diffuse because of its 
larger size. This precipitation of molecular hydrogen 
causes multiaxial stresses?* “ whose severity depend 
on the pressures that are developed. 

If the stress system permits ductility, the steel can 
withstand these severe internal-stress concentrations. 
However, if the steel is hard and brittle or if the stress 
system does not permit plastic deformation, failure 
may occur, particularly if a high degree of restraint 
has introduced severe shrinkage stresses.” ***! In 
other words, the degree of embrittlement is a function 
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(a) 


Fig. 4 Fisheyes in tensile fractures of all-weld-metal specimens. 
originating at coarse slag inclusions; (c) fisheyes originating at fine slag inclusions.''' 


of the amount and nature of the hydrogen present, 
the magnitude, distribution and nature of the internal 
stresses in the weldment and the ability of the material 
to withstand these stresses. Thus as the severity of 
the internal stress system is increased, less hydrogen 
will be required to cause embrittlement.** These 
considerations explain why cold cracking which is 
due to hydrogen embrittlement is rarely found in mild- 
steel and austenitic plates, but is more common in low- 
alloy steels of high hardenability. 

Even in the absence of microporosity and cavities, 


severe pressures which may exceed the cohesive strength. 


of the weldment,®* |? may be developed by hydrogen in 
a steel. For example, in ferrite containing 6 ec. of hy- 
drogen per 100 gm. of steel (0.00054 (wt. ©) hydrogen) 
the equilibrium pressure at room temperature would 
amount to 2.2 X 10° psi.** Since such pressure far 
exceeds the tensile strength of the steel, internal 
cracks may be developed.''"® Under these conditions, 
even atomic hydrogen is believed®?~** '! to be capable 
of initiating fine cracks in hardenable steels ——probably 
near dislocations or other lattice imperfections, or 
near disturbances which already exist in the steel. 

Thus, when atomic hydrogen diffuses into a steel 
which does not contain discernible cavities, a consider- 
able reduction in ductility can be observed, the severity 
of which depends upon the pressure of hydrogen in the 
steel, the internal state of stress and the rate of straining. 
These effects of atomie hydrogen ordinarily are only 
of a temporary nature since, in the atomic state, 
hydrogen readily leaves the steel at room tempera- 
ture,'® “until equilibrium is reached with the atmos- 
phere. 

However, the original ductility may never be en- 
tirely regained, probably because the submicroscopic 
cavities, rifts or dislocations, which are present in any 
ordinary material or which may have been caused by 
the atomic hydrogen, may retain some molecular hydro- 
gen and hence cannot heal completely. 


Appearance of Fractures 

The fractured surface of a slowly deformed specimen 
such as a tensile test bar of an as-deposited weld which 
has been embrittled by hydrogen will usually exhibit 
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(a) Fisheyes originating at porosities; (b) fisheyes 


Magnification 2 * 


bright spots similar to those shown in Fig. 4.'!' These 
are generally identified as ‘‘fisheyes.”” Their appear- 
ance in fractured welds is characterized by a central 
spot which may be an inclusion or may be a porosity, 
surrounded by a bright, embrittled area.'” Both 
types are illustrated in Fig. 5. The walls of the poros- 
ity generally are very bright as shown in the enlarge- 
ment in Fig. 6.'" A larger gas porosity which is not 
surrounded by an embrittled area, can be seen also 
in Fig. 5.'” Similar porosities, or wormholes, are 
illustrated more clearly in Fig. 7.'" 

Initially the appearance of fisheyes in the macro- 
structure of fractured surfaces was related to (1) 
the presence of microscopic particles of mechanically 
entrapped slag,* '** nonmetallic inclusions® and 
porosity,'** '! (2) a heterogeneous condition in the 
steel which leads to differential ductility'' or (3) in- 
cipient microcracks developed during the drastic 
quenching undergone by the filler metal when deposited 
on cold (not preheated) base steel. % As discussed 
in the previous paragraph, it is now generally accepted 
that the appearance of fisheyes can be related to the 
presence of inclusions of nonmetallic and slag particles 
and porosity. Moreover, fisheyes do not exist as a 
definite defect until the weld deposit is plastically de- 
formed.'* They are nondirectional. 

In addition to “fisheyes,”’ the fractured surface of 
a tensile specimen may exhibit microfissures (also called 
“flakes”). These microfissures are generally arranged 
in bands corresponding to the layer formation of the 
weld.'* ‘“Fisheves,” on the other hand, have a random 
orientation. Rarely, if ever, do microfissures appear 
as a bright area surrounding a slag inclusion or cavity. '* 
Microfissures, unlike fisheyes, exist as definite defects 
in a weld and cannot be eliminated by heat treatment 
When present, they tend to exist in a direction normal 
to the direction of maximum contractional stress. '* 

Helin,'*? Zapffe and Sims'* ® ' and Duma* were 
actually the first to recognize that hydrogen was the 
real progenitor of fisheyes in weld metal. These 
observations were the natural consequence of earlier 
studies of Bennek, Schenck and Miiller'® and various 
other investigators!™ 131 182134135 who showed 
that the appearance of flakes and fisheyes in wrought 
steels could be related to the presence of hydrogen. 
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Fig. 5 “*Fisheyes”’ in weld deposit 
Sractured by bending.'” Magnifica- 
tion 10 X 


Fractures of these steels generally revealed coarsely 
crystalline spots which, subsequently, have been 
termed fisheyes. 

Zapffe and Sims‘ particularly conducted many 
welding experiments to show that hydrogen was re- 
sponsible for fisheyes and that hydrogen could produce 
embrittlement in steels. Tests were run to show that 
moisture in the atmosphere and moisture in the elec- 
trode coatings (cellulosic type) were the source of 
hydrogen. Since then, various other  investiga- 
tors 55 6, 60, 106, 111, 120, 133, 18 have studied the nature 
of the fisheyes in weld deposits. It has even been 
indicated that the size and number of fisheyes in E6012 
electrode deposits seem to be independent of the source 
of an electrode-coating ingredient such as rutile, which 
does not contain hydrogen and therefore should bear 
On the other hand, it 
should be supposed that nonmetallic inclusions would 


no relation to the fisheyes.** 


vary in their ability to act as nuclei for the formation 


of fisheyes.'” 


METALLURGICAL EFFECTS OF HYDROGEN 


Hydrogen, aside from promoting crack sensitivity, 
has also been suggested as a potent alloving element 
in steel as well as in cast iron." ?*' As such, it de- 
lays the rate of the formation of high-temperature 
carbides and so promotes hardenability 

The solubility of hydrogen in pure alpha, gamma, 
delta and liquid iron has been studied by several in- 
vestigators and summarized by Geller and Sun* (see 
Figs. 8 and 9) 
excess of the solubility limit causes the various de- 


Hydrogen present in weld metal in 


fects already discussed. The amount of hydrogen 
which will be present in any given weld depends on 
the partial pressure of hydrogen in the are atmosphere, 
as discussed in a later section. Curves showing this 
relationship and the effect of the water content of the 
coating on the hydrogen dissolved in the molten weld 


deposit are given in Fig. 1.” 
Hydrogen does not seem to produce aging effects such 
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Fig. 6 Higher magnification of **fisheye”’ Fig. 7 “Wormholes” in weld 
with center porosity 
Magnification 25 & 


shown in Fig. deposit.'” Magnification 10 


as are caused by carbon and nitrogen in mild steel. 


Thus with regard to strain aging, the behavior of low- 
hydrogen E6016 weld deposits is similar to that of the 
higher hydrogen E6010, E6012 and E6020 electrode 


types.° 


MECHANICAL PROPERTIES OF WELD 
DEPOSITS 


General Considerations 


The effects of hydrogen on the mechanical proper- 
ties may be ascribed to one or a combination of several 
factors: (1) void spaces and cavities initially present, 
(2) the internal state of stress and (3) the rate of strain- 
ing 

It was earlier mentioned that when void spaces, 
cavities or microcracks are present in the weld deposit 
or in the heat-affected zone of the base steel, atomic 
hydrogen is likely to diffuse into these areas and change 
into the molecular state. This is believed to result 
in severe internal pressures which are likely to reduce 
the ductility and toughness of the areas which surround 
these void spaces. This may explain why weldments 
made with low-hydrogen electrodes generally show in 
the as-welded state greater ductility and lower notch- 
impact transition temperatures than weldments made 
with other electrodes which supply greater quantities 
of hydrogen. 

High internal stresses, as discussed earlier, are likely 
to magnify the detrimental effects produced by the 
formation of molecular hydrogen in the void spaces 

Since straining is generally associated with the forma- 
tion and movement of dislocations, it may intensify 
the embrittlement of hydrogen-bearing steels. It is 
believed thag the hydrogen does this by forming molec- 
ular hydrogen, under conditions of strain, which is 
segregated in the dislocations or other lattice de- 
fects.** '* Strain-rate tests indicated that, at very 
high strain rates, the hydrogen did not have time to 


8 


diffuse and combine into molecular hydrogen.?® ! 
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Fig. 8 Effect of temperature on the solubility of hydrogen 
in pure ferrite and austenite at atmospheric pressure®* 


Consequently, the higher strain-rate tests showed very 
little embrittlement. Thus under these conditions, 
strain rates approaching impact rates showed no em- 
brittlement, whereas the slower tensile-test strain 
rates showed maximum embrittlement.*? This has 
been observed by various investigators who reported 
that decreases in the rate of straining or testing in- 
creased the embrittlement and raised the number of 
cracks and fisheyes on the surface of the fractured 
specimens. 
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Effects of Fisheyes Upon Embrittlement 


It is generally agreed that fisheyes are character- 
istic of local embrittlement in the weld. In the two 
theories which are generally suggested, the presence 
of some hydrogen in the weld metal at the time of 
fracture is presupposed.'* The theories are (1) that 
high pressure hydrogen collects in porosities in the weld 
metal during cooling and sets up regions of high multi- 
axial stresses!” and (2) that when weld metal is strained, 
hydrogen trapped in lattice defects, or in solution in 
the metal, diffuses to any porosity in the weld metal 
and sets up high local pressures and regions of multi- 
axial stresses.’ In support of the latter theory it is 
argued that when the rates of straining are rapid, as in 
impact tests, diffusion of hydrogen cannot take place 
rapidly enough, and no fisheyes are observed on the 
fractured surface.'* In an impact specimen, however, 
the position of the fractured surface is determined by 
the notch and, if only a few porosities are present, the 
plane of fracture may not pass through any of them.'” 
Moreover, the appearance of the fracture of embrittled 
specimens, after an impact test, makes it difficult to 
pick out a special embrittled region around the central 


spot.'® In fact, Tucker'® and his associates have 
observed bright spots on fractured all-weld-metal 


impact specimens which were almost identical with the 
central spot of a fisheye. However, since the whole 
surface showed a brittle fracture, no local brittle frac- 
ture regions could be distinguished. Furthermore, 
tensile tests made at — 95° F. (—70° C.), where the 
rate of diffusion of hydrogen is presumed to be slow, 
have also revealed bright cavities on the fractured 
surface, although here again the whole area was brittle 
and no local brittle regions (rings) could be distin- 
guished around the bright cavities.'” 

Experiments by Tucker'® and his associates suggest 
that the presence of hydrogen in the 
weld metal at the moment of frac- 
ture is not essential, although there 


| ~4o.0016 must have been hydrogen in the 
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Fig. 10 Fisheyes in weld deposit fractured after heating 
at 1290° F. (700° C.) for 8 hr.'“ Magnification 10 X 


hydrogen either from the high-pressure gas pockets or 
from solution in the metal, the fisheyes can hardly have 
been produced by brittle fractures resulting from multi- 
axial stresses set up by high-pressure gas.'* A possible 
explanation may be that fisheyes exist, before mechani- 
cal testing, partly as pockets of gas and partly as zones 
of disrupted metal.'* If the steel is heat treated, the gas 
may diffuse away, but the zone of disrupted metal around 
the pocket will remain and may cause the appearance of 
a brittle fracture when the weld is broken.'® Attempts 
have been made to confirm this by sectioning weld de- 
posits of a type known to contain fisheyes which have not 
received any mechanical deformation prior to sectioning. 
In Fig. 11 a porosity is shown in an as-welded speci- 
men with some evidence of distortion around the po- 
rosity.'® Similarly, Figs. 12 and 13 show distorted 
metal around the porosities in weld deposits heated for 
3 hr. at 1290° F. (700° C.).'” 


Ductility 


The reduced ductility in the areas surrounding the 
void spaces will, in turn, lower the over-all ductility 


of the weld deposit. Thus Daniels, Gardner and Rood*® 
found that the ductility of a low-hydrogen E6016 de- 
posit generally was somewhat greater than that of a 
deposit made from E6010 electrodes. Their data 
were based on single-bead deposits. Nevertheless, fish- 
eyes occurred even in fractured tension specimens in 
both E6016 and E6010 deposits in the as-welded con- 
dition. Heating for 24 hr. at 400° F. (205° C.) elimi- 
nated fisheyes. Nevertheless, a'though fisheyes dis- 
appeared on proper heat treatment, they would reappear 
on recharging with hydrogen. ® 18 

Sims, Moore and Williams® noted that ductility losses 
to levels only 15 to 30% of the ductility of hydrogen-free 
cast steel were caused by hydrogen in the range 1.3 to 
5.1 ec. per 100 gm. (0.0001 to 0.0004°% by weight) of 
steel. This abnormal loss of ductility could be com- 
pletely eliminated by aging the steel at a temperature 
of 400 to 500° F. (205 to 260° C.) for at least 12 hr. 
The hydrogen may be introduced from various sources 
For example, hydrogen absorbed from an oxyacetylene 
flame during pressure welding of concrete reinforcing 
bars has been observed to cause embrittlement.” An 
anneal at 1500° F. (815° C.) restored the ductility 

The distribution of hydrogen in the weldment may 
vary with the mode of introduction of hydrogen. Hy- 
drogen introduced by cathodic pickling probably will 
produce effects somewhat different from hydrogen 
introduced by welding. Actually, a clear-cut rela- 
tionship often does not seem to exist between the hy- 
drogen content and the ductility of mild-steel weld 
deposits. Thus Flanigan,® who produced hydrogen- 
bearing weld deposits by using either normal welding 
procedures or acid pickling, concluded that either (1) 
hydrogen is of no importance in normally cooled welds 
or (2) hydrogen is of importance, but its relationship to 
ductility is very complex and only a very small portion 
of the hydrogen content is harmful. Thus it may well 
be that the distribution and state of the hydrogen, 
whether atomic or molecular, as well as the internal 
stresses in the weldment and the rate of straining will 


Fig. 11 Gas porosity in unbent weld Fig. 12 Distorted metal around gas Fig. 13 Distorted metal around gas 
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determine its effects on ductility and on the other me- 
chanical properties. Analysis of hydrogen alone does 
not allow for differentiation among these several factors. 

Flanigan’s bend test also indicated that there was no 
significant difference among the ductilities of weld de- 
posits made from standard E6010 welding electrodes, 
low-hydrogen-bearing weld deposits produced by the 
submerged-are welding process, and the low-hydrogen 
welds produced from electrodes having lime-base coat- 
ings. These results may have been due to the fact 
that the £6010 electrodes used did not introduce much 
hydrogen; some do not. However, these observations 
may also be explained if it is assumed that hydrogen 
reduces ductility only when it has changed to the molec- 
ular state in the vicinity of void spaces. Thus, if the 
various types of welds made by Flanigan are all rela- 
tively free from voids, reduction in ductility owing to 
hydrogen may be negligible. Moreover, if hydrogen is 
introduced into the weld deposits by means of acid 
pickling, embrittlement occurs near the few existing 
voids and this may well reduce the ductility of all the 
weld deposits. 

The effect of hydrogen is more pronounced when it is 
retained in solution down to lower temperatures. Thus 
Flanigan, Bocarsky and MeGuire® later studied the 
effect of low-temperature cooling rates on the ductility 
of are welds in mild steel and found that rapid cooling 
of the weld below 400° F. (205° C.) promoted low duc- 
tility because more hydrogen remained in the weld. 
Low-hydrogen welds subjected to the same conditions 
appeared immune to this loss of ductility. 


Impact Toughness 


There is little doubt about the fact that hydrogen 
tends to reduce the ductility of weldments tested by 
bending or in tension at ordinary rates of strain." 
However, there exists considerable disagreement in 
regard to hydrogen and its relation to impact toughness. 
Thus, hydrogen, which collects in void spaces, cavities, 
and other imperfections such as dislocations, is likely 
to reduce impact toughness and raise the transition 
temperature characteristics of the steel weldment. 
On the other hand, hydrogen embrittlement resulting 
from straining is not encountered in impact specimens. 
Other factors may also be involved and may be re- 
sponsible for differences of opinion among various 
investigators. It should be realized also that in impact 
testing with a notched specimen the stress gradient as 
well as the strain rate is at a high level—thus providing 
embrittling conditions even without hydrogen being 
present. 

Herres and Woodward® presented results of many 
impact tests of welds made with cellulosic and lime- 
coated electrodes. Some compositions revealed a very 
severe drop in impact toughness especially at —40° F. 
(—40° C.), after a weld was stress relieved, and other 
compositions revealed a less severe, or no, drop. Rarely 
did stress relieving itself improve impact toughness. 
There was an indication that a weld made with a lime- 
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coated electrode had better impact strength than one 
made with a cellulosic-coated electrode. It is peculiar 
that their data do not reveal the differences between 
cellulosic- and lime-coated electrodes as significantly 
as do the results of other investigations. It may well be 
that the unusually good results obtained with the cellu- 
losic electrodes is due to the carefully controlled weld- 
ing conditions under which the test specimens were 
prepared. 

Barnett® stated that the impact strength of weld 
metal from lime-ferritic electrodes of the E60X.X type 
at room temperature was more than double the best of 
the other E60X.X classes and retained its advantage at 
—50° F. (—46° C.). 

Mathias and Bunk”! investigated the impact strength 
of a lime-ferritic (E6015) deposit in comparison with 
that of an E6020 deposit. The source of Barnett’s 
information (above) on this subject is probably the 
same data. A graph showing this comparison is re- 
produced in Fig. 14. 

Daniels, Gardner and Rood*® found that in the as- 
welded condition the transition temperature from duc- 
tile-to-brittle fracture of E6016 welds is 75 to 100° F. 
(42 to 55° C.) lower than for E6010 welds. Holding 
24 hr. at 400° F. (205° C.), which presumably elimi- 
nates most of the hydrogen, did not improve the impact 
properties of either the E6016 or E6010 welds. This 
was interpreted as indicating that the hydrogen con- 
tent of welds does not affect the transition tempera- 
tures as determined by impact tests. However, the 
transition temperatures of their E6016 welds are 75 
to 100° F. (42 to 55° C.) lower than the transition tem- 
peratures of their E6010 welds which had received the 
same thermal treatment during and after welding. 
This would indicate that these differences might be at- 
tributable to hydrogen in some complex manner and 
be related to the effects of solidification and cooling. 
Additional results by Tucker'® are given in Table 5. 
They also show that weld deposits from low-hydrogen 
lime-ferritic electrodes have markedly superior impact 
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Fig. 14 Effect of testing temperature upon Charpy }¥- 
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deep) of E6015 and E6020 weld deposits” 
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Table 5—Transition Temperatures* and V-Notch Izod 
Impact Strength of Weld Deposits Made from Different 
Types of Electrodes'” 


Impact 
Transition strength at 
temperature, transition 
Type of coating Type of deposit F. Cc. temp., ft.-lb. 
Titania Mild steel —22 30 30 
Iron oxide Mild steel —31 ~35 30 
Low hydrogen Mild steel — 40 410' 55 
Low hydrogen Alloy steel —67 55 44 


* The temperature where the impact strength has fallen to 
one-half that at room temperature. 


strength over those deposits made from other types of 
electrodes. The advantages of the low-hydrogen elec- 
trodes are particularly apparent at low temperatures. 
The transition temperature in Table 5 is the tempera- 
ture where the impact strength has fallen to one-half 
that at room temperature.'” 

Fisheyes which may appear in tensile specimens 
containing a certain minimum quantity of hydrogen 
are not likely to appear in impact specimens taken 
from the same welded section.'' 

When excessive quantities of hydrogen cause the 
formation of porosity in the weld metal during solidi- 
fication, the impact toughness is likely to be reduced. 
This is supported by data by Stager and Held” who 
showed that weld deposits made with electrodes wetted 
by immersion ii water gave somewhat lower toughness 
values than dry electrodes. The differences, however, 
were small and Stager and Held® concluded that dis- 
solved hydrogen did not affect impact toughness. The 
composition of the electrode coating represented a 
much more important variable than the presence of 
water. 

The only data in conflict with these results were re- 
ported by Stout, Doan and co-workers® and by Keel.''* 
The decrease in Charpy impact strength observed by 
the former, which was believed to be related to the 
presence of hydrogen, did not occur in weld specimens, 


$5 10 2.5 


but in specimens made with a “synthesizing heat 
treatment.” No significant effect of hydrogen on transi- 
tion temperature was found. It was concluded that the 
effect of hydrogen was second to that of the micro- 


5 It may well be that the observed reduction 


structure. 
of impact energy is, in fact, a manifestation of some 
other effect than hydrogen or some hydrogen effect 
not to be found in weld specimens."® It might be pos- 
sible that the differences may be due to the mode of 
hydrogen introduction into the specimens. The data 
by Keel''* on weld metal deposited by oxyacetylene 
welding are shown in Fig. 15. Curve A shows that 
aging improved the impact toughness and reduced the 
hydrogen content. Further improvement was ob- 
tained by flame heating the weld metal to 1110° F. 
(600° C.) followed by water quenching.'"* 
Mikhalapov™ ® conducted laboratory explosion tests 
on base metals and joints welded with E6010, E7016, 
£10015 (Mn-Mo), £10015 (Ni-Mo) and E12015 (Ni- 
Mo-\V) electrodes and joints welded by the submerged- 
are process. He stated that good correlation was evi- 
dent between these tests and full-scale tests on hatch 
corners conducted at the University of California. Us- 
ing an E6010 electrode, Mikhalapov found that the ex- 
plosion impact strength of a joint in carbon-manganese 
steel was only half the impact strength of the prime 
plate at 30° F. (—1° C.) and one-tenth at —40° F 
(—40°C.). With the use of an E7016 electrode, the re- 
sult was only slightly better than with an E6010 at 30° 
F. (—1° C.) and no different from an E6010 at —40° F 
(—40° C.). He concluded that the impact strength 
can be greatly improved by the use of the proper alloy 
electrodes (low-hydrogen types). However, his data 
indicated that, regardless of the type of electrode used, 
the impact strength of a welded joint was almost 
always less than the impact strength of the prime plate 
For comparison with the above figures, using the £12015 
Ni-Mo-V electrode, the impact strength of the joint 
in Ni-Cr plate was one-third the strength of the prime 
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Fig. 15 Change in impact toughness with time. Curve A 
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plate at room temperature and was the same at —90° F. 
(—70° C.), (no intermediate comparisons given). 
Similar data for submerged-arc, E10016 and E6010, 
electrodes are given in Fig. 16.8 Mikhalapov con- 
cluded that the performance of the E10016 electrodes 
was superior to that of the E6010, both because of the 
reduction in hydrogen and because of the introduction 
of nickel and molybdenum. The reduction of the 
hydrogen content of the submerged-are weld to nearly 
zero by the use of a fritted flux was considered to be 
more important than the reduction of the oxygen con- 
tent of the plate or the addition of alloying elements. 


Fatigue Strength 


Since fatigue failures are associated with very slow 
rates of straining, the fatigue strength may be con- 
siderably reduced by the presence of hydrogen in the 
weldment. Data obtained by with different 
dry- and wet-coated electrodes showed reductions be- 
tween about 5 and 50°. 
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Fig. 16 Effect of temperature on minimum energy to fracture 
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HYDROGEN CONTENT IN WELD DEPOSITS 


General Considerations 


In an earlier review, Spraragen and Claussen® sum- 
marized the information published before July 1, 1938. 
The reported data indicated that the hydrogen content 
of weld deposits ordinarily varied between 0.0001 and 
0.003% by weight. In a few cases as much as 0.005 
weight per cent of hydrogen was reported. The latter, 
relatively high hydrogen content was observed in de- 
posits produced by are welding,’ atomic-hydrogen weld- 
ing’ and oxyacetylene welding.” Inert-gas welding, on 
the other hand, produced weld deposits essentially free 
from hydrogen.® !?! 

To a considerable extent, the amount of hydrogen in 
a weld deposit will also depend upon the welding tech- 
nique employed and the type of electrode used. In are 
welding, in particular, the type of electrode coating is 
important since the total hydrogen content of the weld 
deposit will be approximately proportional to the total 


Table 6—Hydrogen in Electrode Coatings* 


Hydrogen in coating 


Per cent of ce. per 100 gm. Total hydrogen in weld 
Electrode type* coating of steel % ec. per 100 gm. Weight %t 
L 25.96 1524 0.47 9.2 0.0008 
A 20.81 1313 0.58 9.4 0.0008 
B 17.82 1904 0.96 14.9 0.0013 
G baked 660° F. (350° C 20.45 0.19 5.8 0.0005 
Cc 20 31 1401 0.62 12.0 0.0011 
D 24.36 1383 0.51 21.45 0.0019 
G 22.26 1190 0.48 22.5 0.0020 
F 11.79 1207 0.92 18.15 0.0016 
N 13.07 2850 1.96 20.4 0.0018 


* Mild-steel electrodes, arranged in order of deoxidation from most oxidized at top of list to least oxidized at bottom. 
t 1.0 ce. hydrogen per 100 gm. steel = 0.0786 RV (relative volume of H;; 1 RV = 0.00114 weight per cent of H».? 
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Table 7—Effects of Electrode Coating on the Hydrogen 
Content of Arc-Weld Deposits” 


— Electrode ce Hz per 100 gm. weld metal- 
‘ode Type Cold Warm Total 
evolution extraction 


XI £6010 15.3 £7 17.0 0.0015 
X3 £6020 14.0 1.5 15.5 0.0014 
X9 LHLCt 5.6 1.0 6.6 0.0006 
X10 LHLCt 6.6 0.9 7.5 0.0007 
X11 LHLCt 2.9 1.8 4.7 0.0004 


Wt. % total* 


* 1.0 ec. hydrogen per 100 gm. steel] = 0.0786 RV (relative 
volume) of H,; 1 RV = 0.00114 weight per cent of H,’. 
+ Low-hydrogen, lime-coated 


available hydrogen in the electrode coating.”! A part of 
this hydrogen is held more or less permanently. The 
remainder escapes from the metal at room temperature. 
Since to earlier investigators the remaining quantities 
of hydrogen did not appear to be constant even for the 
same electrode,”! there was much confusion and dif- 
ficulty in the interpretation of results. Thus Reeve® 
reported that the total available hydrogen in the form 
of free and combined water and organic hydrogen in- 
fluenced the hydrogen in the weld, but that the relation 
was not close. Reeve’s data are reproduced in Table 6. 
Results of experiments by Mallett on cellulosic- and 
lime-coated electrodes are reproduced in Table 7. 
Reference has already been made (Fig. 1) to Christen- 
sen’s data.” 

Similarly, results obtained by various investigators 
who analyzed weld metals for residual hydrogen content, 
are shown in Table 8. Rollason found that, if underbead 
cracking* is to be prevented, the maximum limit ap- 
pears to be 4 cc. H: per 100 gm. (0.00036°% by weight) 
. per 100 gm. 
by weight) vastly extends the 


of steel, although reduction to 1 to 2 c¢ 
(0.00009 to 0.00018% 
weldability. 


* Underbead cracking describes cracks which occur adjacent to the weld 
deposit under the bead in the heat-affected zone 


Table 8—Hydrogen Content of Weld Deposits Produced 
from Various Types of Electrodes* 


cc./100 gm 


Electrode type weld metal We ight %* 


£6010 Cellulosic type 8-22 0.0007 -0.0020 
E6012 Titania type 7-22 0.0006 —0.0020 
E6013 Titania type 4-20 0.0004 
E6015 Low-hydrogen type 0.94 0.00008—0 
£6020 Iron-oxide type 4-16 0.0004 -0.0015 
£6030 Iron-oxide type 4-16 0.0004 —-0.0015 
Bare wire 2.4 0.0002 

18-8 (Cr-Ni) stainless steel 

good 8-15 0.0008 —0. 0013 
18-8 (Cr-Ni) stainless steel 

poor 15-32 0.0013 -0.0029 


* 1.0 cc. H, per 100 gm. of steel] = 0.0786 RV (relative volume 
of H,; 1 RV = 0.00114 weight per cent of H).* 


On a weight basis, Herres” stated that molten weld 
metal can and often does absorb well over 0.003°% of 
hydrogen by weight (36 ec. per 100 gm. of weld metal). 

In weldments produced by oxyacetylene welding, 
Keel''* reported that the hydrogen content varied be- 
tween about 4 and 12 ec. He per 100 gm. of weld metal 
(0.0004 and 0.0012°%). 


Analysis for Hydrogen in Weld Deposits 


Various procedures have been suggested for measur- 
ing the hydrogen content of weld deposits.’ * © 7% 7% "6 
Comparison among several of the more popular methods 
was recently made by Stern, Kalinsky and Fenton,’* 
who concluded that after six days at room temperature, 
almost all of the hydrogen was evolved which would 
escape from the weld deposits at room temperature 
conditions. Special postheat treatments would usually 
be required to remove the hydrogen that is retained 
within the as-welded specimen at room temperature. 
Typical results by Flanigan, presented in Fig. 17 
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Fig. 17 Effect of postheating on the hydrogen content of E6010 weld metal® 
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indicate the amount of hydrogen that is retained in 
£6010 weld deposits which would be evolved only upon 
heating.” The period of hydrogen evolution depends 
very much upon the size and shape of the specimen and 
the temperature at which the tests are conducted.'* 
At the British Welding Research Assn. the tests have 
been standardized on a temperature of 77° F. (25° C.) 
since it was found that the rate of hydrogen evolution 
is reduced many times by a slight temperature decrease 
of only a few degrees (centigrade).'” The time re- 
quired for evolution under these conditions varies from 
1 or 2 hrs. to several weeks depending upon the size 
of the specimen.'* 

The most commonly used method is based on the 
collection of the evolved gas over glycerin.”* ' This 
method has been adopted by the latest AWS-ASTM 
Specifications.” *! The following procedure is gener- 
ally recommended.”* The test specimen is put into a 
eudiometer (gas volume measuring) tube (Fig. 18), 
which has previously been completely filled with glyc- 
erin. The open bottom of this tube remains below the 
surface of glycerin in a trough of a glycerin-filled tank 
while the test piece is inserted into the tube. The tube 
containing the test specimen is then set in an upright 
position on a shelf inside the tank. The temperature 
of the glycerin in the tank is maintained thermostati- 
cally at approximately 113° F. (45° C.) by means of 
three 60-w. bulbs placed outside the tank beneath the 
shelf. The amount of liberated gas is observed and re- 
corded at desired intervals by reading the volume as 
shown on the graduated stem of the eudiometer tube. 
This stem is graduated to 8 cc. in 0.1-cc. divisions. 

The glycerin method, which has the advantage that 
it consists of a relatively simple procedure, has been 
criticized because it does not indicate all of the hydro- 
gen in the weld and because gas bubbles on the specimen 
interfere with the determination.”* The more refined 
procedures, employing vacuum testing and analyzing 
equipment 109 124, 185, 137, 175, 17, 18 have been found 
to yield more than twice as much hydrogen gas as the 
givcerin and the other cold extraction methods. This 
is due to the fact that hydrogen in the weld metal ap- 
pears to be present not only as diffusible hydrogen,* 
which passes out at room temperature and under nor- 
mal atmospheric pressure, but also as hydrogen which 
is retained in the metal.'” The proportion of the re- 
tained hydrogen seems to depend upon the amount and 
type of nonmetallic particles in the weld metal. If 
there are many, there is a greater tendency to hold the 
hydrogen in the weld metal.'” In addition, the com- 
position of the steel, prior thermal history, degree of 
cold work, hydrogen pressure and degree of ionization, 
and other factors are likely to influence the amount of 
retained hydrogen."? The amount of retained hydro- 
gen is generally determined best by vacuum proced- 
ures at red heat. 

As shown in Table 7, the greater part of hydrogen 
ean be collected during cold evolution. Since the cold 


* The amount of diffusible hydrogen in the weld metal may determine or 
influence the appearance of underbead cracks in hardenable steels! 
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Fig. 18 Eudiometers and gas-collecting liquid reservoir'* 


cracking attributed to hydrogen occurs during the 
period when ‘“‘cold evolution” is taking plave, the use 
of a method determining the rate and quantity of hydro- 
gen evolved at room temperature which is more accu- 
rate than the erratic glycerin method and less expensive 
and easier to operate than the highly refined vacuum 
fusion method should have certain advantages. Such a 
method was recently developed by Stern, Kalinsky 
and Fenton’’ and consists of placing the specimen into a 
combustion chamber in a closed evacuated system, 
kept at a constant temperature, and determining the 
hydrogen evolution by means of a cupric oxide anhy- 
drone analyzer. 

Another procedure used in the rapid approximation 
of hydrogen content consists of giving the specimen an 
enamel coat and observing the distribution, number 
and size of blisters and craters which develop in the 
enamel coat! 

As Larsen pointed out,” in any determination of the 
hydrogen content of steel it is most important to col- 
lect the gas as soon as possible. Considerable varia- 
tion in results will occur whenever the time after weld- 
ing is an uncontrolled variable. The U.S. Navy De- 
partment, which originally specified the glycerin test,** 
now recommends analysis of the covering of low-hydro- 
gen electrodes for total water content (hygroscopic and 
combined.* * The justification for this is the demon- 
stration by Reeve® * and others’! that the total hydro- 
gen content of weld deposits is roughly proportional to 
the total water content of the coverings of mineral-cov- 
ered, shielded-are welding electrodes. The total water 
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must be determined since the hygroscopic moisture is 
not a measure of the hydrogen content of the weld.* 
A temperature of 2400° F. (1315° C.) has been recom- 
mended by Gayley and Wooding™ to be sure of com- 
plete liberation of all combined water through complete 


calcination of the covering ingredients. Their combus-' 


tion train is shown diagramatically in Fig. 19. Sloman, 
Rooney and Schofield”! had earlier found that 2190° F. 
(1200° C.) was sufficient to insure a total yield of mois- 
ture; in their tests at least 80°;, of the water was evolved 
at 1110° F. (600° C.). Since 2400° F. (1315° C.) is 
quite destructive to furnace equipment and combustion 


tubes and boats, it may be that some lower tempera- 


ture will be chosen by laboratories engaged in routine 
control work. 

As shown by Franks, Gayley and Wooding,” and in- 
corporated in the most recent low-hydrogen electrode 
specifications,” the total water content in a mineral- 
type coating should be less than 0.2 to 0.8% (the maxi- 
mum permissible quantity depending upon the grade) 
if the electrodes are to perform satisfactorily in severely 
stressed applications. 


WELDING CONSIDERATIONS 
\ Hydrogen should by no means be regarded as the only or 
even the major factor which causes cracking in welded 
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sections. In fact, according to Zeyen,'** welds made 
from low-hydrogen electrodes may sometimes be quite 
susceptible to the formation of fisheyes so that, some- 
times, causes other than hydrogen, which are not vet 
understood, may be responsible for fisheyes 

When hydrogen is present, it generally is a contribu- 
tory factor to other causes.such as hard and/or brittle 
zones, the austenite-ferrite or austenite-martensite 
transformation, multiaxial shrinkage stresses, 
All these tend to set up micro- or macrostresses within 
the steel. The presence of hydrogen would increase in- 
ternal stresses still further and may, in many instances, 
lead to failure. Consequently, the elimination of hydro- 
gen may be particularly desirable or necessary in those 
sections in which internal stresses are already appreci- 
able 

In most ordinary welding operations on mild steels, 
the use of the special low-hydrogen electrodes may not 
be necessary. However, when hardenable steels are 
welded or when shrinkage or other factors set up severe 
multiaxial residual stresses, the use of low-hydrogen 


electrodes may be advisable or even essential.® 
In most cases, cracking occurs in the heat-affected 
zone immediately adjacent to the weld deposit. This 


is known as underbead cracking.* However, in a 
few cases, cracking may occur also within the weld de- 


posit. 
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Fig. 19 Schematic drawing of equipment for water determination™ 


June 1952 Schaeffler, et al. 


Hydrogen in Welds 


| 
: 
| 
| 
>= 
SS —Y 
ABSORPTION TOWER ORYING TOWER SS Yy : 
\ 
GE Yj 
WY 
3 
301-s 


Weld-Metal Cracking 


Most weld deposits made from mild-steel electrodes 
are relatively ductile. Nevertheless, microcracks may 
often occur in practice in weld metal deposited on mild 
steel. © % These cracks, however, are generally ex- 
tremely small and are not readily recognized by micro- 
scopic means. However, under extremely severe cool- 
ing conditions such cracks may also reach dangerous 
proportions.» Thus although considerable internal 
pressure may be built up by absorbed hydrogen when 
using cellulosic-coated electrodes, the weld metal gener- 
ally relieves the internal pressures by yielding locally 
and, therefore, does not rupture. However, cracking 
of tack welds and crater cracking of ordinary mild steel 
weld beads may become serious under conditions of 
severe restraint. 

Hot cracking in mild-steel weld deposits, however, can 
be quite serious. Generally it is associated with the 
presence of iron sulphide which has a lower melting 
point than the steel. During the final stages of solidifi- 
cation of the weld metal, a liquid film relatively high 
in sulphur will temporarily remain between the solidi- 
fied dendrites as the deposit cools down to about 2000° 
F. (1095° C.). Since this film offers little or no resist- 
ance to shrinkage contraction, it allows the metal to be 
pulled apart resulting in the formation of hot 
cracks. ** 87, 101, 102 

The better class of mild-steel electrodes which are 
manufactured today generally are not susceptible to 
hot cracking under normal welding conditions. How- 
ever, when the base steel contains abnormally large 
amounts of sulphur, as is the case with free-cutting 
steels, hot cracking may occur. In these cases, the use 
of low-hydrogen electrodes is recommended,?! 
although Claussen stated that the EXX15 type of 
coating did not prevent hot cracks from forming when 
the sulphur content was high. Other investigators have 
also reported conflicting claims on the suitability of 
low-hydrogen electrodes for high-sulphur steels. But- 
tering of the groove surfaces in the high-sulphur steel 
also will decrease the cracking tendency.' 

Hot cracks in the base metal, visible at the edge of 
the weld at about 1290° F. (700° C.), were traced to 
sulphur by Werner." 


Heat- Affected Zone (Underbead) Cracking 


Underbead cracking describes cracking which occurs 
in the heat-affected zone of the base steel adjacent to 
the weld deposit. It is found only in hardenable alloy 
steels which undergo the austenite-to-martensite trans- 
formation. For this reason underbead cracking is 
treated in detail in the review on alloy steel weld- 
ments." It should be realized, however, that the weld 
metal itself is often deposited from ordinary mild-steel 
electrodes. These contain hydrogen-forming ingredi- 
ents, and the hydrogen, upon diffusion into the alloy 
steel, causes cracking during the austenite-to-martensite 
transformation. 
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Composition 


Killed steels, in which medium amounts of aluminum 
were used for steel deoxidation, seem to be highly sus- 
ceptible to underbead cracking. However, the use of 
more than 4 lb. of aluminum per ton in steel reduces 
cracking.*? In killed steels, the use of cellulosic-coated 
electrodes seems undesirable, particularly when slow 
welding speeds and low amperages are used. Under 
these conditions, increased porosity of the weld may be 
saused. However, when mineral-coated electrodes, 
such as the low-hydrogen types, are used, the killed 
steels with up to 0.20°% aluminum prove to be as weld- 
able as the rimmed or other aluminum-free steel types. 
Welds in aluminum-killed steels exhibit no increased 
susceptibility to the absorption of hydrogen. More- 
over, no increased tendency to hydrogen embrittlement 
‘an be noted.® % 

The effects on crack sensitivity of welding with cellu- 
losic-type electrodes (class E6010) and the composition 
of mild and medium-carbon steels are indicated in Fig. 
20.% ** When the carbon, manganese and/or silicon 
content are increased, crack sensitivity will also in- 
crease. (As is indicated by the equation for the carbon 
equivalent factor, manganese and silicon seem to be 
about one-fourth as effective as carbon in this respect. ) 
When low-hydrogen electrodes (Class E6015) were 
used, underbead cracking was prevented, even though 
the values for bending angle and underbead hardness 
did not change.” ** 


Microstructure 


The microstructure of the base steel also represents 
an important factor in underbead cracking. For ex- 
ample, a coarse carbide structure seems to be superior 


Q 
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AVG. UNDERBEAD CRACK SENSITIVITY, % (1) 
MAX, UNDERBEAD VICKERS HARDNESS (2) 


AVG. BEND ANGLE AT MAX.LOAD, DEGREES (3) 


CARBON EQUIVALENT, C+ Mn/4 + Si/4 


Fig. 20 Relation between steel composition and underbead 

hardness, crack sensitivity and notched-bead bend angle, 

for l-in. plates of the commercial rolled carbon-manganese 
steels welded with class E6010 electrodes.” 


(1) Average of tests at room temp., 150 and 225° F. (65 and 105° C.) 
heat treatments (heat input 16.000 joules/in.); (2) maximum 
elean under 3-in. beads, 75° F. (25° C.) heat (heat input 56,000 
joules,/in.); (3) bend angle for 5' »-in. beads, 75° F. (25° C.) preheat 
(heat input 47,000 joules in.) 
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to one in which carbides are finely dispersed, probably 
because small finely distributed carbides are more 
readily soluble than coarse carbides and thus increase 
hardenability more during the short welding heat treat- 
ment. Moreover, undesirable structural features in 
the heat-affected zone or in the weld metal may be 
more detrimental than the presence of above average 
amounts of hydrogen. Thus, a variation in the cooling 
rate or certain pre- or postheat treatments may have a 
greater effect on the bend angle of bend-test specimens 
than does high or low hydrogen in the weld metal.'® 
Cast steels seem to be less susceptible to underbead 
cracking than wrought steels of similar composition.” ** 


Cooling Rate After Welding 


Generally, susceptibility to underbead cracking in- 
creases as the cooling rate is increased.*' ® This is prob- 
ably due to the fact that (1) the more rapid the cooling 
rate the greater is the amount of hydrogen that is re- 
tained in the weld metal, (2) the residual stresses gener- 
ally increase with cooling rate and (3) a greater amount 
of martensite is formed. These effects may then cause 
cracking—particularly upon the ultimate transforma- 
tion of the retained austenite. 

Preheating decreases cooling rates and thus more 
hydrogen is likely to escape.** Nevertheless, results by 
Flanigan® reproduced in Fig. 21 showed that in spite of 
the fact that slower cooling rates are obtained through 
the use of preheat treatments, the hydrogen content of 
the preheated weldments was greater than those made 
at room temperature. Ductility, however, seemed 
somewhat improved by the preheat treatment. The 
slower cooling rates are also beneficial in that they mini- 
mize the residual stresses and increase transformation 
to the medium and high-temperature transformation 
products.” 5! 
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Fig. 21 Effects of preheating on ductility and hydrogen 
content of E6010 welds® 
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Arresting the cooling and postheating at a predeter- 
mined temperature also promotes transformation to the 
medium- and high-temperature transformation prod- 
ucts and permits hydrogen to escape before it can cause 
any damage to the weldment."? This is far more effec- 
tive in preventing cracking than any stress relief or post- 
heating treatment which is not accompanied by arrested 
cooling. In the conventional postheat or stress relief 
treatments, the weld is first allowed to cool fully or 
partially with the consequence that hydrogen has the 
opportunity to cause damage and no amount of 
subsequent’ heat treatment can rectify this situa- 


tion, 


Effect of Cooling Rate on Weld Ductility 


In addition to underbead cracking, an embrittling ef- 
fect of hydrogen can be detected in many welds. The 
ductility of cellulosie-type E6010 welds has thus been 
shown to depend on the cooling rate of the weld below 
400° F. (205° C.), rapid cooling promoting low ductil- 
ity. Low-hydrogen welds made under the same condi- 
tions appeared immune to embrittlement. 

30th E6010 and low-hydrogen E6016 welds were 
shown to have the same yield strength and ultimate 
tensile strength if the preheat and energy inputs were 
adjusted to give the same cooling rates at 1000° F. 
(540° C.), but the elongation of the E6016 welds was 
consistently equal to or greater than the elongation of 
the E6010 welds.** The cooling rates which were stud< 
ied are relatively slow in this case [15° F. per second 
(8.5° C. per second) | and no great restraint was put on 
the welds, so that only slight differences in hydrogen 
content are apt tohave remained after these welds 
cooled. More recently Nippes*® pointed out that low- 
hydrogen E6016 electrodes were superior to the cellu- 
losic coated electrodes only with moderate or low en 
ergy inputs and in weldments which were not pre- 
heated. It will be recognized that these are the condi- 
tions which cause rapid cooling rates, thereby prevent- 
ing the escape of the hydrogen introduced by the cellu- 
losic electrode. 

Related to cooling rate is the 
the length of time the weld is allowed to cool in air be- 


*‘quench time,” that is, 
fore being quenched in water as required by various 
%, 40, 41,84 Bland® studied the effect of 
postwelding quench time on the ductility of all-weld- 


specifications. 


metal test bars prepared with E6011 electrodes. Al- 
though he had no data on the hydrogen content of his 
welds, Bland recognized the effect of a critical quantity 
of hydrogen. 


Postwelding Heat Treatment 


Heat treatment of the complete weld will tend to 
restore the ductility of the weld metal in so far as the 
hydrogen is removed before it has caused microfissuring 
or cracking. Thus Weck” pointed out that an anneal 
between 1100 and 1200° F. (595 and 650° C.) relieved 
stresses, made the material more ductile and prevented 
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temper and hydrogen embrit- 


tlement. Nippes” pointed out 


that stress-relief annealing at 


1100° F. (595° C.) even for 1 
hr. improved the behavior of 


the weldment sufficiently to 
approach that of the unwelded 


plate. Flanigan'® studied the 


As-welded o~o Furnace stress-relieved 
Plate, as-received @-e Welds preheated to 320° C. 
> 
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D / 


A 
effects of postheating in the ps 
temperature range 250 to 1150° i 


F. (120 to 620° C.) and fol- 
lowed the effect of such treat- 5 


ment on hardness, residual 


| 


stress, hydrogen content and 
ductility of the weld. 

If the cooling rate of the 
weld has been extremely 
rapid or if the crack sensi- 
tivity of the weld metal or 
heat-affected zone is high, the weldments with high- 
hydrogen content may contain microfissures similar to 
hair-line cracks. The presence of these fissures will pre- 
vent complete restoration of ductility on tempering, 
even if temperatures as bigh as 1200° F. (650° C.) are 
used.*+ % However, just short of the conditions that 
cause microfissuring, beneficial affects of postheating 
can be detected. The boundary conditions are most 
readily detected in the field of alloy welding. For ex- 
ample, SAE Type 4330 steel exhibits greater tendencies 
toward cracking when postheat treated below or above 
600° F. (315° C.) than when treated at 600° F. (315° 
C.). Sims,” in discussing this point, referred to the 
“S curve” for Type 4330 steel to show that, for this 
steel, 600° F. (315° C.) is the most favorable tempera- 
ture for the rapid (15 to 20 minutes) and complete 
transformation of austenite. At 500° F. (260° C.) 
and at 700° F. (370° C.) this transformation would 
take five times as long. Sims® pointed out clearly that 
a successful postheat treatment must transform the 
austenite at a temperature sufficiently high so that the 
dissolved hydrogen can diffuse fast enough to prevent 
the building up of high pressures. A review of the re- 
ports of the Hairline Crack and the Alloy Steel Commit- 
tees of the British Iron and Steel Institute, released be- 
tween 1938 and 1950, suggests’ that a threshold or de- 
lay effect occurs in the formation of hairline cracks 
which may vary from minutes to hours after cooling 
according to the composition of the steel. Treatment to 
remove hydrogen within this delay period will elimin- 
ate cracking. Moreover, each steel grade has an opti- 
mum temperature for the evolution of hydrogen; the 
preferable hydrogen-removal temperature for one steel 
may not be effective on a steel of different composition. 
This may be a contributing factor to the lack of agree- 
ment present in the data reported for postheating. '° 

Swan, Lytle and McKinsey™ studied the effect of the 
low-temperature stress-relief process which is accom- 
plished by progressive heating of the plate metal along- 
side the weld to 350 to 400° F. (175 to 205° C.) by 
oxyacetylene flames. They found no change in the as- 
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Fig. 22 Transition-tem 
mens, and the effect of furnace stress relieving and preheating on 
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rature curves for as-welded and prime 
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late speci- 
welds” 


welded impact properties of E6010 welds, presumably 
because of a low-hydrogen content through aging prior to 
testing (they did not measure the hydrogen). They con- 
cluded that there was no appreciable metallurgical effect, 
harmful or otherwise, from the heating or straining ac- 
companying thislow-temperature stress-relieving process. 

Although some of the early investigators believed 
that the effect of hydrogen may be readily detected by 
Charpy impact tests,* it seems now that the results of 
impact tests cannot be correlated with hydrogen con- 
tent. Thus results by Daniels, Gardner and Rood** 
indicated that postheating, which, as Flanigan® has 
shown, reduces hydrogen to a very low value, does not 
significantly alter the impact energy absorbed or the 
ductile-to-brittle transition temperature of welded 
specimens.* Data by several other investigators cor- 
roborate these results.> “ If hydrogen is removed 
and no alteration in impact properties is observed, then 
it cannot be stated that hydrogen is readily detected 
in weld specimens by Charpy or other impact tests." 
This agrees with recent studies by Seabrook, Grant and 
Carney”? who showed that the effects of hydrogen in 
SAE 1020 tensile bars decreased as the strain rate was 
increased. 

Preheat and postheat treatments which lower the 
hydrogen content of the weld are beneficial to bending 


properties. This may well be related to the relatively 
slow rates of straining employed in bend tests. Thus 
Swan, Lytle and McKinsey,” who studied E6010 


welds on ASTM A201 steel, found that 600° F. (315° C.) 
preheating and 1200° F. (650° C.) stress-relief anneal- 
ing lowered the transition temperature appreciably. 
Their curves showing bend angles for as-welded and 
prime plate specimens and the effects of furnace stress 
relieving and of preheating of weld beads are shown in 
Fig. 22. Their transition temperature curves showing 
the effects of heating, cooling and straining of weld 
beads are shown in Fig. 23. 

(200 and 300°) C.’ which may be negligible or of considerable magnitude 


for the different weld metal types.’ Whether this decrease is the result of 
an aging effect or of other structural changes has not been settled. 2" 
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Fig. 23 Transition-temperature curves showing the effect of heating, cooling 


and straining on bead welds” 


PRACTICAL APPLICATIONS AND ENGINEER- 
ING RECOMMENDATIONS 


Choice of Electrodes 


At the present stage of development of the electrode 
art, well-defined fields of application exist for “hydro- 
gen-bearing” electrodes (the conventional mild-steel 
types), and for low-hydrogen electrodes, in addition to 
an expanding field in which the two types overlap. The 
conventional mild-steel types are less expensive in first 
cost and so are the natural choice for all the simpler 
applications. EXX10, EXXI11, EXX12, EXX13, 
EX X20 or EX. X30 electrodes may be used, depending on 
the type of weld which is to be made. The low-hydrogen 
types of electrodes EXX15 and EXX16 are more ex- 
pensive per pound of weld and hence are used more in 
critical applications which would be adversely affected 
by hydrogen. Thus, many manufacturers use the low- 
hydrogen types of electrodes to weld those critical 
locations in structures which may be subjected to low- 
temperature impact during service.'” 

For reasons of convenience in stocking electrodes, 
some fabricators employ low-hydrogen electrodes for 
all mild-steel welding. Three major considerations 
must be weighed before this step is taken. 

1. In some cases such a choice may reduce the shop 
productivity. At the same current values, low-hydro- 
gen electrodes have somewhat slower burn-off rates 
than conventional mild-steel electrodes. On the other 
hand, higher currents can usually be used with low- 
hydrogen electrodes than with most mild-steel elec- 
trodes and thus about the same burn-off rate can be 
produced. However, when higher currents are used 
the slag may be extremely difficult to remove.'” This 
is particularly undesirable in multipass welds which 
must be cleaned thoroughly between passes to prevent 
slag entrapment.'” 

2. The substitution of low-hydrogen electrodes may 
necessitate major changes in weld-groove preparation or 
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desirable to train operators on the 
short-are characteristics of low- 
hydrogen electrodes and in the cor- 
rect procedure for striking and breaking the are.!* On 
highly hardenable materials, sidewall wash, undercut 
and penetration require close attention. If the work 
is to be inspected under codes, new qualifications for 
welders will be required unless they are already qualified 
on stainless-steel electrodes. 

The cost of changes in groove preparation, reduced 
fit-up tolerances and requalification of welders is offset 
by several advantages to the fabricator. When using 
low-alloy or high-carbon steels, preheat treatment can 
be eliminated and thus save a costly operation and re 
duce operator discomfort and fatigue. Furthermore, 
the welds will have superior ductility and impact prop- 
erties. The elimination of only one defective weld, 
whether it is determined during final inspection or, es- 
pecially, discovered during service, may completely 
offset the costs mentioned. Finally, where many types 
of ordinary and low-alloy steels are handled, the use of 
low-hydrogen electrodes for all steel welding may be 
justified by the reduction in the electrode inventory 
from many types to one type. 

Salvaging mild-steel and low-alloy castings by the 
welding repair of defects has been discussed by Bel- 
He reported that foundries chose the EX X10 
types of electrodes to cover the great share of the general 
run of repairs. These were their all-purpose electrodes. 
They chose the EX. X12 electrodes for work which could 
be positioned to take advantage of the high deposition 
rates of these electrodes. This type of electrode was 
chosen for speed. For the best quality welds, however, 
the foundries chose the EXX16 types of electrodes. 
EX X16 electrodes were also chosen for work on cast- 
ings of tricky or dubious analysis or in cases where 
weld cracking might be a potential problem. 


Storage of Electrodes 


The “‘hydrogen-bearing” conventional types of mild- 
steel electrodes have never been considered a storage 
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problem by most users. There is to be sure an opti- 
mum moisture content for many of the grades, which is 
best maintained by the manufacturer’s original pack- 
age, but the electrodes will still operate satisfactorily 
after being exposed to a wide variety of atmospheric 
conditions. However, if these electrodes are over- 
dried in an effort to eliminate the water, the result may 
be high spatter loss and often unexpected porosity. 

The low-hydrogen electrodes must be stored under 
conditions which will prevent the absorption of mois- 
ture. Objectionable quantities of moisture can be 
absorbed by low-hydrogen electrode coatings during 
humid weather, even in a 24-hr. period, if the elec- 
trodes are unprotected. For example, after 15 min. 
at 70° F. (21° C.) and 88% relative humidity, the 
moisture in a special high-strength low-hydrogen coating 
is over the 0.2% limit.'** The manufacturers have 
recognized this problem and are now packing their 
electrodes in small unit containers so that the user need 
not open a large quantity of electrodes to the atmos- 
phere when only a small quantity is needed on a job. 
Hermetically sealed containers (cans) are usually needed 
when storage exceeds 3 months.'* Otherwise storage 
should be in a heated room.'* In fact, even when 
low-hydrogen electrodes have just been removed from 
hermetically sealed shipping containers, pin holes and 
porosity may occur unless predrying is employed.'*? 
Thus, it is recommended practice to bake low-hydrogen 
electrodes at about 600° F. (315° C.) for 2 hr. and then 
to store them in a drying oven heated at about 150° F. 
(65° C.) until they are used. 

Excessively long exposure of low-hydrogen electrodes 
to a humid atmosphere may result in impairment of 
the electrode beyond the mere absorption of mois- 
ture." Prolonged exposure to the humid atmosphere 
will ultimately destroy the binder through the reac- 
tion of carbon dioxide. Low-hydrogen electrodes 
should be redried in accordance with directions of the 
manufacturer. Unduly high temperatures may re- 
sult in the destruction of certain coating ingredients. 

A common redrying schedule is 2-hr. baking at 300° 
F. (150° C.) which will remove the moisture but not 
combined H,O.' However, these electrodes, when 
exposed to humid conditions, take on moisture not 
only by absorption but also by chemical combination. 
To remove the combined H,O, drying for about 2 hr. at 
temperatures as high as 900° F. (480° C.) may be re- 
quired'® '8 and may be accomplished with many com- 
mercial electrodes without sacrificing usability char- 
acteristics or without causing the coatings to become 
fragile. Such high temperatures would not normally be 
needed, but certain extremely critical steels welded 
under unusual conditions, such as high restraint or sub- 
freezing conditions, might require such extreme re- 
drying temperatures. 


Preheat Treatment 


In the mild-steel applications where severe restraint 
is not introduced, neither preheat nor postheat treat- 
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ments are required when dry low-hydrogen electrodes 
are used. 

Preheating is used when underbead or weld cracking 
might otherwise occur. A preheat treatment is not 
usually necessary when using the low-hydrogen-coated 
electrodes. When using conventional mild-steel elec- 
trodes, the use of a preheat treatment serves three pur- 
poses: (1) the hydrogen is allowed to diffuse to less 
critical zones in the steel and thus the concentration 
in the hardened zone is lowered, (2) the transformation 
occurs at higher temperatures and minimizes the reten- 
tion of islands of austenite in which hydrogen tends to 
concentrate, later to cause embrittlement when the 
austenite transforms at atmospheric or lower tempera- 
tures and (3) the cooling stresses are reduced and thus 
the strains in the heat-affected zones, which could other- 
wise add to the strains induced by the hydrogen, are 
decreased. Another benefit is the lowering of the transi- 
tion temperature as a result of preheating which re- 
sults in less hardening and greater ductility in the heat- 
affected zone. 

Underbead cracking virtually never occurs with 
properly designed low-hydrogen types of mild-steel or 
low-alloy electrodes. Therefore, preheating for elimina- 
tion of this type of cracking is entirely unnecessary. 
Wherever unusually high restraint may be encountered, 
such as when welding heavy sections, it may be neces- 
sary to use a preheat treatment to avoid weld-metal 
cracks. This is more often required with the low-alloy, 
high-strength electrodes, such as E9016, E11016, etc., 
than with those of the most commonly used E7016 
electrodes. Even so, the temperature of the preheat 
treatment is usually several hundred degrees lower 
than that required for the elimination of underbead 
cracking with conventional types of mild-steel elec- 
trodes. 


Postheat Treatment 


The need for stress relieving after welding will de- 
pend upon many factors, such as relief of stress, di- 
mensional stability for machining, reduction of hard- 
ness, restoration of the original transition temperature 
which has been raised by cold working, flame cutting 
and welding and, last but not least, the type of elec- 
trode which has been used. Stress relieving after 
welding will not improve the properties of welds from 
low-hydrogen types of electrodes to the same degree as 
welds from ordinary mild-steel electrodes. The as- 
welded ductility of the low-hydrogen types of elec- 
trodes is only slightly improved by a stress-relieving 
treatment and is entirely adequate to meet requirements 
without any postheat treatment. 

In ordinary mild-steel weld deposits, fisheyes and fis- 
sures are frequently observed in as-welded tensile 
specimens and their presence results in subnormal duc- 
tility. These defects, resulting from hydrogen in the 
weld metal, may not be observed in certain stress- 
relieved specimens where the elongation values may be 
increased 5 to 8%. The absence of this type of defect 
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in deposits from low-hydrogen electrodes gives as- 
welded elongation values even higher than the duc- 
tility from comparable strength deposits from conven- 
tional electrodes in the stress-relieved condition. Only 
slightly improved values are, therefore, obtained when 
low-hydrogen welds are stress relieved. In fact micro- 
cracks caused by too rapid cooling rates at temperatures 
below about 500° F. (260° C.) are not removed by 
thermal stress-relieving treatments“—or even by a 
1600° F. (870° C.) anneal.” 

Frequently, it is unnecessary to stress relieve ordi- 
nary steel weldments joined by low-hydrogen elec- 
trodes. A stress-relieving heat treatment usually 
serves two purposes: (1) the improvement in the proper- 
ties of the weld metal by the removal of hydrogen;* 
and (2) the relief of the residual stresses resulting from 
the welding operation. In structures where the residual 
welding stresses are unimportant to its serviceability, 
there is no need to stress relieve low-hydrogen welds be- 
cause the weld metal possesses excellent mechanical 
properties in the as-welded condition and little further 
improvement will result from the postheat treatment. 

Welds in the hardenable types of low-alloy steels will 
be discussed in another paper.'® The low-alloy steels 
become hardened in the heat-affected zone adjacent to 
the weld. In many low-alloy steel structures it would be 
desirable to temper the hardened heat-affected zone by a 
stress-relief postheat treatment to reduce the hardness 
of the heat-affected zone. Even so, many structures 
have been successfully built from hardenable low-alloy 
steels using low-hydrogen electrodes and no preheating 
or postwelding heat treatments. 


Applications 


Five major fields of application are recognized for the 
low-hydrogen types of electrode. 

1. Weldments which require the use of preheat 
treatments may be successfully welded using the low- 
hydrogen electrodes and preheat treatments about 
200° F. (95° C.) lower than those required for the stand- 
ard electrode types. 

2. Sulphur- or selenium-bearing, free-machining 
steels either must be welded with low-hydrogen elec- 
trodes,?' or the surfaces must be buttered before the 
weld is made.'* Conventional mild-steel electrodes 
give extremely porous deposits when welding free- 
machining steels. Porosity in such cases, resulting 
from a combined action of sulphur or selenium and 
hydrogen, is minimized by the use of low-hydrogen 
electrodes. 

3. In welding steels which are to be enameled, it is 
particularly advantageous to use low-hydrogen type 
electrodes.® 1&7 108 126, 175 When ordinary electrodes 


* However, stress-relief heating is not effective or necessary for removing 
hydrogen from weld metal——most of the hydrogen is gone within the first 
few hours after welding or may already have done damage not remedial by 
stress relief. On the other hand, high-pressure molecular hydrogen, which 
has been trapped in voids or cavities does not always escape during storage 


Thus, fisheyes may, in some cases, be seen in the fractures of tensile speci- 
mens of as-deposited weld metal even after the specimens have been stored 
for half a year or longer.""4 
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are used, the enamel coating is likely to contain blisters, 
“fishscaling” or pock marks not only over the entire 
weld area, but also fairly well over the entire surface 
of the enameled plate."* ' This is believed 
to be due to the fact that the hydrogen has migrated 
into the plate material just as it tends to come out of 
the weld metal. Since the E6015 type of weld deposit 
is particularly free from hydrogen, trouble from defec- 
tive porcelain enameling over welded areas is elimin- 
ated. However, as Barnett” pointed out, about two- 
thirds of all sheet-metal welding is performed with 
£6013 electrodes and other jobs are welded with E6010 
and E6011 electrodes. To prevent the liberation of 
hydrogen during the enameling process such parts 
must be heated at 700° F. (370° C.) for at least 1 hr. 
in order to drive out the hydrogen. The customary 
stress-relieving operation at 1150° F. (620° C.) for 1 
hr. per inch of thickness will also remove the hydrogen. 
Obviously, if the heat treatment is an additional opera- 
tion, it is an additional expense. For that reason the 
use of £6015 electrodes offers definite advantages in the 
field of enameling. 

4. Since low-bydrogen electrodes can be used on 
high-carbon steels, it is reasonable to apply these elec- 
trodes to cast iron.’ The resulting weld deposits will 
be substantially harder than corresponding deposits on 
high-carbon steel because of the higher carbon con- 
tent of cast iron and because the penetration generally 
will be greater in the lower-melting cast iron. The weld 
deposits will not be machinable, but should compare 
favorably with other nonmachinable cast-iron electrode 
deposits. 

5. The use of low-hydrogen electrodes in welding of 
heavily sealed or galvanized steel will minimize the 
formation of excessively porous (wormhole type) welds, 
especially in fillet joints. !”° 

6. Weld structures requiring good impact properties 
at service temperatures below 32° F. (0° C.) should be 
welded with low-hydrogen electrodes.*! 


FIELDS FOR FURTHER STUDY 

There is still need for further information on the 
study of weld metal produced in a concentrated atmos- 
phere of hydrogen as is present when welding with 
atomic hydrogen or with high cellulosic or hydrogen 
producing coatings. Weld metal produced under these 
conditions and compared with the weld metal produced 
in a hydrogen-free atmosphere may reveal information 
that is not presently available. It is not yet clearly es- 
tablished why very good results are generally obtained 
with atomic hydrogen shielded welding in view of the 
very detrimental effects of hydrogen with the metallic 
arc.'* 

Atomistic studies of the distribution of hydrogen in 
ferrite, martensite and austenite should also be desir- 
able, particularly since no one theory has been univer- 
sally accepted. 

The problem of diffusible and nondiffusible hydrogen 
should also be studied further."* It has been sug- 
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gested that the quantity of diffusible hydrogen is in- 
versely related to the iron oxide content of the weld 
metal." However, it might be more closely related to 
microfissures or porosity or inclusion content.* Since 
diffusible hydrogen seems to be far more important than 
nondiffusible hydrogen, further investigations of the 
differences between them are advisable. '** 

Studies should be made to determine the susceptibil- 
ity of electrode coatings to moisture absorption under 
various atmospheric conditions of temperature and rel- 
ative humidity.’ Although many studies have been 
made of the weld metal resulting from hydrogen and 
low-hydrogen bearing electrodes, little attention seems 
to have been given to finding out how the electrodes 
should be handled in use to avoid the troubles arising 
from possible moisture pickup. The relation of this 
characteristic of coating to the chemistry of the coating 
is a fundamental factor and little seems to have been 
published on this subject. Some information relative to 
proper methods of the restoration of electrode coatings 
would also be valuable.'® As study of this sort should 
include all types of commercial electrode coatings.'® 

The cause of hot-cracking, associated with the pres- 
ence of iron sulphide, should be further investigated. 
Why should low-hydrogen electrodes be more success- 
ful in avoiding hot-cracking in the welding of sulphur 
steels?!” There is certainly some evidence that car- 
bon, silicon and hydrogen can play some part in the 
phenomenon.'” 

The role of hydrogen in the formation of porosity is 
also not vet understood. 
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Brazing Hydromechanics 


§ Factors affecting the rate of completion of a brazed 
joint are related to the physical constants of the brazed 


metal, 


by E. R. Funk and H. Udin 


Abstract 


In this paper the factors affecting the rate of completion of a 
brazed joint are studied by the application of the elementary 
laws of hydromechanics, Equations are derived which relate 
the physical constants of the brazed metal, its surface tension, and 
joint dimensions to the interface velocity of both vertical and 
horizontal joints. In addition a study is presented of flow through 
the two types of capillary dams. These considerations have been 
modified to include the more practical case of fluxed joints. 
Finally we have highlighted the ramifications on design for 
brazing of the principles introduced here. 


INTRODUCTION 


RAZING differs from welding in that filler mate- 
rials having a melting point below that of the 
base metal are used for making a joint without 
melting the parent metal. Many techniques 
may be employed to bring the assembly to a tempera- 
ture at which the brazing alloy is molten. But in all 
true brazing operations, as distinguished from braze 
welding, the liquid filler metal spreads until the volume 
between the parts to be joined is filled. An analysis of 
the conditions which lead to spreading and filling have 
been discussed elsewhere. In this paper we shall pur- 
sue the problem one step further and study the factors 
affecting the rate of completion of a brazed joint. 
Hydromechanists have studied the characteristics 
of liquids flowing smoothly when confined by ducts or 
pipes. In its simplest form the brazing operation is 
quite analogous to the case of water moving through a 
duct since it consists of a liquid moving between two 
flat solid surfaces. The foree moving the brazing alloy 
is much more subtle than the pump or pressure head 
acting upon the water and for this reason some atten- 
tion should be devoted to the driving foree behind braz- 
ing. 


THE HORIZONTAL BRAZED JOINT 


A cross section of a horizontal lap joint being brazed 
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its surface tension and joint 


dimensions 


FILLER 
METAL 


x 


Fig. 1 The cross section of a horizontal brazed joint 


is shown in Fig. 1. An enlarged view of the advancing 
front of brazing compound is presented in Fig. 2. 
The fact that this advancing front is curved rather than 
flat is of greatest significance to us and does, as will be 
seen shortly, actually lead to the driving force. This 
curved surface, or meniscus, is a direct result of the 
surface tension of the liquid. 

Mathematically, the pressure driving the brazing 
liquid between the plates can be related to the surface 
tension of the liquid by 
—2y cos 6 

D 
where y is the surface tension of the filler alloy. @ is 
called the contact angle. 

Equation 1 is a special case of a more generalized 
equation 


AP = (1) 


1 1 
ap = + 
where AP is the pressure across an interface, and R, and 
R, are the principle inverse curvatures of the interface. 
y is the excess energy residing at the interface, or the 
interfacial tension. This equation may be derived in 
the following manner.' 


VELOCITY 
oistrisution 


gp 
dx (yO~y") 
Fig. 2 The velocity distribution in laminar flow 
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Fig. 3 A curved liquid surface 


Consider the curved surface ABCD in Fig. 3 whose 
sides are at right angles. Let this area be displaced 
parallel to itself, away from the concave side, by a 
distance én, with the normals to the boundaries in the 
displaced position A’B’C’D’ the same as the normals in 
the original position. The normals at A and B meet at 
O;. Those at B and C at O.. Let the radius of curva- 
ture of the arc AB be R,; and that of BC be R.. The 
angle AO,B is AB/R, radians and BO.C is BC/Rz. 
The area of the element of surface after the displace- 


AB ae 
(48 R, in BC + in) 


Neglecting second order quantities this becomes 


bn bn 
ABC D(i + R, + 


The work done in increasing the area against the 
free energy or surface tension y of the surface is there- 


ment is 


fore 


l ] 
ABCD 6 ( ) 
This work is supplied by the pressure difference 
across the curved surface. If the pressure of the con- 
cave side is P; and on the convex side is P2, the work 
done by this pressure difference is 
(P; — P:) in ABCD 


Since no work is done by any other forces, the work 
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of the increased area is equal to the work done by the 
pressure difference. 


(P, — P:) = AP = 7 


For closely spaced flat plates the curvature along 
the meniscus is zero (R. = ©), and the curvature of 
For perfect wetting, as in 


the meniscus is D/2 cos @. 
Fig. 2, cos @ equals unity, and the pressure across the 


surface reduces to 


(2) 
The rate of advance of this column can now be con- 
sidered. Under the conditions of brazing it is war- 
ranted to consider that laminar flow of the alloy occurs. 
The theory and equations of laminar flow are well 
known. Pure laminar flow between flats leads to a 
non-linear velocity distribution as shown in Fig. 2. 
The velocity v at any point y between the surfaces is 


aD +. 
t Qu dr (y yl ) (3) 


AP = 


where u is the viscosity and D is the distance between 


flats. The average velocity @ can readily be shown to 
be 
(“?) 
P 12u \dz (4) 
It now remains to relate the driving force AP from 


Equation 2 to the velocity through Equation 4. Fora 


AP 
uniform spacing (dp/dz) is actually —— so that Equation 


4 may be written as 
1 AP 
12u 
Now substituting (2) into (5) we obtain the velocity 
of the advancing film of liquid 
1 yD 


(6) 
6 


Now that the rate of motion is known, the time ¢ for 
flowing a distance x can be found by simple integration. 


i= f (7) 


Sur? 
t= yD (8) 


And from this we can readily write the distance flowed 
in any length of time. 


yD , (9) 


3u 


Thus, the distance flowed is related to the physical 
properties of the brazing alloy, the plate separation and 
the time allowed for filling. From the form of Equation 
9 it is evident that a high y/u ratio is desirable for 
It is well known that a compound 


brazing compounds. 
of low viscosity (high fluidity) leads to more complete 
filling and better brazed joints. The possibilities for 
increasing the y/u ratio lie primarily with decreasing 
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the viscosity. Increasing the surface tension above 
the highest value possessed by any element in the 
brazing alloy appears to be thermodynamically im- 
possible. Nevertheless, contrary to most statements 
in the brazing literature, the highest surface tension 
compatible with complete or nearly complete wetting 
is always to be desired. 

At first glance it is strange that the temperature 
should not be included as a variable in Equation 9. 
Surely a higher temperature does promote a faster 
joint. And this is so because the y/u ratio increases 
quite rapidly with temperature. For all practical 
purposes y is independent of temperature while the 
viscosity » decreases exponentially with temperature, 
thus leading to an increasing y « with temperature. 

Two conclusions are of interest concerning the rela- 
tionship of time and distance. First, it can be seen 
that doubling the time at brazing temperature does not 
double the distance flowed but instead only multiplies 
the original distance by 1.4. Second, there is no limit 
to the distance which can be covered as long as an 
adequate supply of filler metal is available. But, of 
course, a practical limit is soon reached where the re- 
turn for longer times in terms of distance flowed is not 
sufficient. 

While there is no theoretical limit to the distance the 
brazing alloy may flow between horizontal flats, there 
is a limit to its flow in the next case we shall consider. 
Often brazed joints are designed so that the brazing 
compound is drawn vertically up between two plates. 
As a matter of fact, this is the preferred way for filling 
a brazed joint when it is essential that no air pockets be 
trapped. An analysis of this case is presented in the 
following section. 


THE VERTICAL BRAZED JOINT 


In the vertical brazed joint the liquid column moves 
upward in response to the same capillary pressure AP 
but now a second factor enters which opposes the rising 
of the column. The liquid column, of course, has 
weight, so that the higher it goes, the larger becomes the 
weight of the column that must be supported by the 
differential pressure. In this case then 


_ 


D 


+ (p — p’)gh (10) 
where (p—p’) is the density of the brazing liquid minus 
the density of surrounding medium. When the sur- 
rounding medium is gaseous, p’ is much less than p and 
so may be neglected. A is the vertical distance above 
the level of the liquid pool. 

The rate at which this column moves upward is again 
controlled by the equation of fully developed laminar 
flow. Since the flow is vertical rather than horizontal, 
Equation 3 should be rewritten to conform to the con- 
vention for the z and y axis, 


And the average velocity in the y direction is 


1 /dP 
= 
12y (a ) (12) 
The driving force AP is given in Equation 10. Not- 
ing that dp/dy is actually (AP y), the average velocity 
at any point y as the column moves upward is 
D 
- (13) 
Ouy 12u 


And the time to reach a height y is 


12u (2y — Dogy) 
D*p°g? [ Peay — log. ( 2, ) (14) 


One of the most evident differences between the 
horizontal and vertical case is in the limit of the dis- 
tance flowed. While there is theoreticaily no limit to 
the distance the compound can flow in the horizontal 
case, there is a definite limit in the vertical case. This 
limit comes when the driving force AP disappears 
under the weight of the column it is supporting. So 
that here AP = 0; and from Equation 10 


2y 


AP = 0 D mar (15) 


From this equation we get the familiar equation for 
the capillary rise, 

pgD 
Equation 14 can be simplified by expressing the 

amount of filling in time, ¢, as a ratio of the distance 

flowed over the maximum obtainable height, y max, so 
that 


Ymar (16) 


R= YU) Ymaz (17) 
From which Equation 14 becomes 
l2uy 
t= — 2R — 2 log. (1 — R)} (18) 
Equation 18 is somewhat more complicated than 
the time-distance relationship for the horizontal case. 
(Equation 8). This added complication in the vertical 
case is the result of the fact that the higher the column 
rises the greater the weight of the column in motion 
becomes. 


COMPARISON OF VERTICAL AND 
HORIZONTAL BRAZED JOINTS 


Since many brazed joints are made in the vertical 
position, it is of interest to see what advantage might be 
gained in making these joints in the horizontal position. 
To answer this question let us refer to Fig. 4. Here the 
time for the flow to a distance specified in terms of the 
highest possible vertical rise is compared for the two 
cases. This curve really compares the time it takes to 
fill a joint in the vertical position with the time it 
takes to fill the same joint in the horizontal position. 
From the shape of the two curves it is apparent that as 


Tt I long as the joint length is not too close to the maxi- 
hn 2u dy = (11) mum obtainable in the vertical position, the time for 
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= here is the surface tension of liquid 
= 1.0 copper saturated with iron. No ac 
oz tual figures for this are in the litera- 
oa 0.9F HORIZONTAL JOINT q ture, however, the work of Van 
Vlack? makes 1100 dynes per centi 
ba meter not an unreasonable estimate. 
a> Under actual brazing conditionsa 
=e 7 flux is always present. Fluxing is 
oa necessary to promote a clean and ef- 
pe 0.5 " ficient joint. In this case the plate 
ue 0.4 i as well as the brazing compound are 
Om in chemical equilibrium with the 
os ates 4 flux. The mathematics of this more 

<> 0.2 realistic case is unchanged but the 

‘x values of w and y for the brazing 
“7 0.1 4 compounds are affected. y, which 
(0) is actually the interfacial tension be 
16 20 24 28 32 tween the liquid metal and the 
t IN UNITS OF (#7) atmosphere, becomes, in the presence 

D3p2q2 


Fig. 4 


filling a vertical joint is not appreciably longer than the 
time for filling the joint horizontally. 

It will be helpful to have some idea about the mag- 
nitude of the maximum obtainable height in a hypo- 
thetical joint using pure copper on iron. For such a 
1100 dynes ‘centimeter, p = 8.94 grams ec." 
Taking D = 0.005 in. = 0.013 em., 
we obtain from Equation 16 

2(1100) 
(8.94) (980) (0.013) 


case y = 


9 
sec 


= cms 


= 


Umar. = 1.95 centimeters ~ */, inch 

We can now see from Fig. 4 that a half inch joint 
would be consummated about 50°7, faster in the hori- 
zontal position than in the vertical position. A larger 
joint would show a considerably greater saving in time. 
One must bear in mind, however, that these comparisons 
are for a joint thickness of 5 mils. A smaller joint thick- 
ness will lead to much less time saving; thus a 2 mil 
joint one half inch long gives a differential of only about 
8°;. It is clear that the advantages of vertical brazing 
in minimizing gas entrapment far outweigh the econ- 
omy of time in horizontal brazing. 

It will be interesting to compute the time required 
to complete a half inch lap joint of 5 mil. thickness. 
Again, assume the simple cases of iron being brazed 
with pure copper. This is necessary since the surface 
tension and viscosity values for other brazing alloys 
are not available. It is, therefore, difficult to get a 
realistic picture of actual brazing conditions but it is 
felt that the copper braze on pure iron is not in greater 
error. The best obtainable values of uw, y may be put 
into Equation 8 to give 

3(3.41)(1.2)? 
yD (1100)(0.012) 


t = 1.1 seconds 


Where popper IS 3.41 centipoises at 1145° C. and y¥ is 


taken as 1100 dynes centimeter. The surface tension 
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of flux, the interfacial tension be 
tween the liquid metal saturated 
with flux and the liquid flux itself 
This condition makes it desirable for the surface tension 
of the liquid flux to be low. However, a minimum 
value for the surface tension of liquid flux is not 
necessarily the condition for maximum interfacial ten 
sion 

There are techniques for measuring the interfacial 
tension between the liquid metal and the flux but no 
The 
nearest approach made so far is the work. of Van 
Vlack? on liquid sulfide 
Further work in 


measurements have been made and published. 
copper, copper interfaces 
this field would contribute to the 
theory and practice of brazing. 


IMPEDED FLOW—CAPILLARY DAMS 


Up to this point we have considered the relationships 
of time, distance and physical properties involved in 
filling a lap joint with a brazing liquid. Although we 
have considered two cases, the horizontal and the 
vertical joint, in both the assumptions has been made 
that the plates to be brazed were perfectly flat. In 
practice this condition seldom is found since tool marks 
or peculiarities of joint design obstruct the free flow 
of the liquid. Obstructions caused by a change in cross 
section of the capillary tube we shall call capillary 
dams. There are two kinds of capillary dams, one in 
which the cross section becomes larger for a short 
distance and the other in which the cross section be- 
comes smaller or constricted 

We shall consider schematic examples of the two 
types of capillary dams. Figure 5 is a dam in which the 
cross section expands uniformly from D to (n + 1)D 
Consider first the horizontal position as shown in Fig. 5 
As the dam begins to fill, the pressure driving the liquid 
reduces as the radius of curvature increases in accord- 
ance with Equation 2. In addition more liquid is re- 
quired to fill the dam than would be required to fill an 
equivalent length of uniformly narrow gap. These two 
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Fig. 5 A dilated capillary dam 


conditions superimpose to slow the rate of flow in the 
constriction. However, once the dam is filled, the 
brazing compound moves on unaffected by the capillary 
dam. 

The analysis is somewhat cumbersome so that only 
the results will be given here. The time to fill past a 
dam which is a distance “a’’ from the beginning of the 
joint and size (n + 1)D is given by 


( 
Y 


3yua* 


yD (19) 


n 
1+5)+ 

The viscous drag within the groove has been neg- 
lected in the derivation. If this drag is included the 
resulting equation is unwieldy but upon evaluation it is 
not appreciably different from Equation 19 as long as 
“a’’ is large compared to D. 

Let the dam be simply a gouge of depth D on each 
face so that n = 2. If this dam is '/, inch from.the edge, 
and the joint is 0.005 in. thick, then it will take about 
thirty times as long to fill past the dam as it would 
if no dam were encountered. We have seen that the 
time to fill such a joint is surprisingly short, i.e., about 
0.3 seconds, so that small tool gouges may have an ap- 
preciable effect. 

If a dam of this nature occurred in a vertical joint 
there is the likelihood that it would permanently stop 
the flow upward. It can be seen from Equation 16 
that the maximum obtainable height is inversely pro- 
portional to the radius of curvature. This means that 
as nm increases the maximum obtainable height decreases. 
An advancing front will be permanently stopped when 
the gouge oceurs between ¥,,..., the undammed maxi- 
mum height and ymax /(n + 1.) For the vertical joint 
then, a gouge in each plate of depth D will stop the flow 
if the gouge is more than one third Y max. up the plate. 
Such a dam becomes very effective in the vertical joint 
while remaining relatively innocuous in the horizontal 
lap joint. 

The other kind of dam is a constriction in the capil- 
lary. Consider such an idealized constriction as shown 
in Fig. 6. Although the radius of curvature increases 
in this dam, resulting in rapid movement through it, 
the flow of the liquid past it is cut down just as an 
orifice decreases flow in a pipe. Of course, in the limit 
the constriction completely closes the pipe and no 
further flow is possible. 

It is common practice to express the flow retarding 
characteristics of an orifice in terms of the number of 
drameters the orifice effectively adds to the system’s 
length beyond the orifice. Using this convention, it can 
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Fig.6 A constricted capillary dam 


be shown that the effective increase in length is 
2 D. In order to noticeably affect the speed of 
brazing, the m must become quite large. m is a measure 
of the constriction effect as shown in Fig. 6. For ex- 
ample, on a 0.005 inch joint, a gap as small as 0.001 inch 
would increase the effective length of the joint by only 
12D or 0.060 inch. Of course, if the gap became very 
tiny, say 0.0001 inch, then the rate of flow past this 
constriction is so slow that for practical purposes the 
joint could not be consummated. 

If the constricting dam occurred in a vertical joint 
there would be no effect at all on the maximum obtain- 
able height. The time to obtain a joint would be ef- 
fected in much the same way as the horizontal joint 
that is, very little retarding until the gap becomes much 
smaller than the joint dimension. 

The analysis of capillary dams shows that a change 
in dimension of the joint can have a pronounced effect in 
some cases while in others this effect is negligible. Thus 
a groove in the plates may permanently retard a ver- 
tical joint while the same groove in a horizontal joint 
temporarily slows the advancing brazing alloy. A 
constriction in either case is relatively innocuous until 
the gap becomes almost closed. These generalizations 
can lead to considerations of some importance in the 
design of brazed joints. 


THE EFFECT OF A FLUX 


In practice it is difficult to achieve a satisfactory 
brazed connection without the use of a flux. A flux is a 
chemical agent, generally a metal halide or borate, 
which aids the brazing operation by dissolving the ox- 
ides which have formed on the metal surfaces. It 
also coats the cleaned surface to prevent further oxida- 
tion. Handbooks often state that flux lowers the sur- 
face tension of the filler metal and thereby speeds braz- 
ing. It is highly questionable that the flux does actu- 
ally affect the surface tension of the liquid metal since 
the solubility of flux in metal is very low. Only ex- 
periments in which the surface tension is measured 
in the presence of flux can prove how the flux affects 
the liquid surface tension. But in any case we have 
seen that a large value of braze metal surface tension 
is desirable. 

The influence of flux in a joint being brazed can be 
examined analytically. Let us take the simplest case of 
the horizontal joint as shown in Fig. 7. Here the braz- 
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Fig. 7 A slag-metal interface in a horizontal joint 


ing alloy must displace the flux by pushing it out of the 
joint. In this case, then, the driving force is over- 
coming the flow resistance of the flux as well as the 
liquid metal. The velocity with which the slag-metal 
interface moves in the horizontal joint is 


D? AP ] 
(20) 
12 | Lum + (l — 
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As before, the time to fill to any point is 


dx 6x? 
-27 
4P = D 


where y, is the interfacial tension between slag and 
liquid metal. Only experiment can tell us the value 
of this interfacial tension and it is unfortunate from this 
point of view that it can not correctly be equated to 
the difference of An experiment 
must be performed in which the surface tension of the 
metal is measured while in equilibrium with the slag. 
We can suppose that the presence of the slag will not 
greatly diminish the 7Yer:, and it is desirable for ef- 
ficient brazing that y, be close to y,.etal- 

The pronounced effect of the flux under various con- 
ditions can be seen by examining Equation 22 under 
three cases. 

1. When yg, is very small compared to 


Here 


62? 
23) 
and with AP = — 
D 
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This result is very similar to the result in the previous 
section in which the slag was neglected. As before the 
flow begins very rapidly and slows with increased dis- 
tance covered. 

2. When ug, is much larger than yp metal, then 


12u, x? 


t= Dy, 4 (26) 


It can be seen from Equation 21 that in this case 
the velocity is slow and characteristic of the slag at the 
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beginning of filling but increases as the joint is com- 
pleted. 

3. When wu, and py era are approximately equal, the 
time becomes simply 


9 
(27 
t= De (2S 


The rate of movement of the interface for this case is 
constant. Although the vertical joints may be simi- 
larily treated, the conclusions reached here may be 
applied remembering that the maximum attainable 
height is influenced by the density of the flux. In the 
non-fluxed case we were able to neglect the density of 
the surrounding medium. 


CONCLUSIONS 


In the design of the brazed joints attention to clear- 
ance is necessary. An abrupt change in clearance leads 
to capillary dams which impede the flow of the brazing 
compounds. The degree of impedance depends on the 
location of the dam, its shape and size and the attitude 
of the joint. Two examples of bad joint design should 
be mentioned. 

Consider a rounded washer placed on a right angle 
such as shown in Fig. 8. The wide clearance at the 
fillet will slow or possibly stop altogether the flow of 
brazing compound into the joint. 

On the other hand, & Square Cross section washer on a 
rounded angle as shown in Fig. 9 will limit the flow of 
brazing liquid. Two general rules might be stated for 
the design of brazed joints as a result of the study of 
dams. First, keep joint clearance uniform throughout 
and second, avoid line contacts of the parts to be 
joined. 

For short joints, the time for filling a vertical joint is 
only slightly longer than the time for completing a 
horizontal joint of the same length. 

It is well known that the surface preparation is im- 
portant in brazing. A poor surface finish will hinder 
or completely stop the filling due to the presence of 
many capillary dams of varying characteristics. The 
finer the finish the less the impedance to flow. It might 
also be noted that the final surface scratches or tool 
marks are far less detrimental if they run in the direc- 
tion of the metal flow rather than perpendicular to it 
As a matter of fact, if the contact angle between base 
and filler metals is greater than zero, fine scratches in 


Fig. 8 A rounded washer Fig.9 A square washer on 
on a square tee a rounded tee 
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the direction of the joint will actually speed the fill- 
ing.’ Other than these effects, surface finish has little 
influence on the rate of filling, since the boundary veloc- 
ity of laminar flow is zero, regardless of surface condi- 
tion 

In the consideration of the brazing alloy and flux, it 
has been seen that an alloy of high surface tension or 
high slag-metal interfacial tension is desirable con- 
sistent with the surface energy requirements of wetting. 


More rapid filling is obtained when both the slag and 
the molten metal have low viscosities. 
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{ Resumé of the Ship Fracture Problem 


® The work of the Ship Structure Committee has led to major 
improvements in existing ships and points the way for better 
steels, fabricating procedures and design in new construction 


by Finn Jonassen 


HE Ship structure Committee* represents a com- 
bined effort of its member agencies to improve the 
hull structure of ships by an extension of knowledge 
through research in the fields of design, materials 
and methods of tabrication. The following agencies 
have membership in the Ship Structure Committee: 
Bureau of Ships, Department of Navy 
Military Sex Transportation Service, Department 
of Navy 
United States Coast Guard, Treasury Department 
Maritime Administration, Department of Com- 
merce 
American Bureau of Shipping 


Thus through the Ship Structure Committee tech- 
nical and financial resources of both Government and 
regulatory agencies are pooled and brought to bear on 
the solution of structural problems of ships’ hulls. 

An extensive study to determine the underlying 
causes of structural failures such as those recently sus- 
tained by the tankers Fort Mercer and the Pendleton 
has been in process for the past several years sponsored 
first by the Bourd to Investigate the Design and 
Methods of Construction of Welded Steel Merchant 
Vessels, ? and now by the Ship Structure Committee. 


Finn Jonassen ix Technical Director of the Committee on Ship Steel of the 
National Academy of Sciences-National Research Council, Washington, D. ¢ 


The opinions expressed in this paper are those of the author and do not 
necessarily represent those of the committees of the NAS-NRC or of the 
Ship Structure Committee 


* First Technical Progress Report of the Ship Structure Committee 
Mar. 1, 1048 Tae Journar 27 (7), Research Suppl, 377-5 to 
oes (1048 Second Technical Progress Report of the Ship Structure 
Committee, July 1. 1950. Tae Journat, 30 (4), Research Suppl, 
to ISl-« (1951 


t Final Report of a Board of Investigation to Inquire into the Design and 
Methods of Construction of Welded Steel Merchant Vessels, July 15, 1946; 


Tar Jovenat, 26 (7), 569-619 (1947) 
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Many research investigations have been carried out 
in outstanding engineering laboratories in the United 
States under the guidance of advisory committees of the 
National Academy of Sciences-National Research 
Council. 
continuously assisted the Board and the Ship Structure 
Committee in planning, organizing and maintaining 
research programs related to the problem of brittle 
failure of ships. ‘This work requires substantial funds 
for its prosecution but it is noteworthy that the cost of 
the research program to date only approaches the cost 
of replacement of one broken ship. 

The problem of brittle failure is very involved, and in 
spite of its extensive history, it is far from understood. 


Academy-Council advisory committees have 


However, as an outcome of the research program 
sponsored by the Board and the Ship Structure Com- 
mittee, much light has been thrown on the brittle 
fracture problem, such as a better understanding of the 
role of the notch bar test and the importance of tem- 
perature in separating ductile and brittle behavior. 

An analysis of ship failures indicates that their 
causes may be attributed to deficiencies of design, 
fabrication and materials.* 
search program undertaken has been directed toward 


In consequence, the re- 


achieving solutions in these fields. 

Many improvements have been made in the design 
of structural details of the ship’s hull. Fabrication 
techniques have also been improved thereby reducing 
the number of defective welds present in ship's hulls. 
The effectiveness of these changes is demonstrated by 
the significant reduction of ship failures as compared 
to the number that occurred during the first several 
vears of welded ship fabrication. Further design 


* It has been determined that the steel used in the construction of welded 
ships met specifications in force at the time 
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improvements can undoubtedly be made particularly 


as a result of the structural research program spon- 
sored by the Committee. 

Fractures, however, continue to occur originating 
even at extremely minor details which would be im- 
possible to eliminate entirely under practical ship- 
building conditions. In addition, operational prac- 
tices can and do vesult in establishing minor defects 
which could provide the source of failures. An ‘out- 
standing example of a major failure originating at a 
minor defect is the breaking in two of the tanker S.S. 
Ponagansett. (This ship broke in two while tied at an 
December 1947.) 
Here the fracture originated at a fabrication detail 


outfitting pier in Boston, Mass., 


which neither good design nor fabrication procedure 
would condemn as being improper. Such failures can 
only be eliminated by the use of steel which is tolerant 
of such minor defects, i.e., a steel which is crack re- 
sistant or notch tough. 

That real structural improvement can be obtained 
upon the use of notch tough steels has been amply 
demonstrated through the research program conducted 
by the Ship Structure Committee. Thus the over-all 
resistance of a ship to resist cracking is increased by 
the use of more notch tough steel. Specifying killed 
steel is known to be effective in increasing notch 
toughness and thereby reducing the tendency to crack. 
Further improvements are possible by reduced carbon 
content and increased manganese content, by speci- 
fying fine grain practice and by normalizing. Some of 
these improvements to obtain more crack-resistant 
materials have already been specified (in 1948) by the 
American Bureau of Shipping, a member agency of 
the Ship Structure Committee, for steel to be used in 
new construction and for repairs 

However, whether the refinements in design, im- 
proved quality of fabrication and the use of a generally 
more notch tough steel incorporated in welded ships 
built during the past several years are sufficient to 
prevent structural failures remains to be demonstrated 
So far, no major fractures have occurred in this group 
of ships. 

Ultimately, in order to have the highest assurance 
that steels meet required standards of notch toughness, 
the use of a notch bar test will undoubtedly have to be 
specified. This is presently not feasible because there 
is no general agreement as to the choice of specimen and 
also there is not sufficient knowledge regarding the 
level of performance required in any one notch bar 
test to give the necessary assurance that the steel will 
perform satisfactorily for welded ships. 

Since it is not known whether the present require- 
ments for the construction of welded ships are sufficient 
to prevent structural failures, it may be well to consider 
further improvements to increase the crack resistance 
of ships. A number of such improvements are known 
and they can be instituted now in spite of lack of 
knowledge of quantitative requirements for notch 
toughness. Some of these are: 
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1. Normalizing, particularly for the heavier plate 
thickness, 


to 


Reducing the strength requirement of ship- 
building steel by lowering carbon content. 
Such a change will produce a tougher and more 
weldable steel. 

3. Specifying the use of only killed steel for the mid- 
length of the ship or at least for the known 
critical areas of this portion of the ship. As 
mentioned earlier, additional improvements of 
steel quality result from the use of reduced car- 
bon and increased manganese content, fine 
grain practice and normalizing 

t. Requiring subsurface inspection of welds at 
least of welded butts in critical areas of the 
ship. 

5. Specifying the use of low-hydrogen electrodes 

6. Modifying designs to reduce scantlings thereby 
reducing plate thickness wherever possible will 
also add to the notch toughness of the 
structure. 

7. Eliminating bulb shapes since sound butt welds 

are difficult to make in these shapes. 


The improvements proposed above cannot, of course, 
be applied to existing vessels; however, remedial meas- 
ures have been devised for ships in this category 
These consist of riveted crack arrestors which rep- 
resent the best solution now available for the protection 
of large all-welded steel structures. These crack 
arrestors have proven effective in halting a number 
of fractures thereby undoubtedly preventing some 
ships from breaking in two. If, however, the load on 
the hull is sufficiently high, it is of course realized that 
these crack arrestors cannot maintain the integrity 
of the structure, particularly when the fractures have 
It is noted that ships fitted with 
crack arrestors have broken in two 


become extensive. 


Other remedial measures to existing ships are pro- 
posed. These emphasized modification and procedures 
to minimize the initiation of fracture. Some of these 


are: 


a) Regulate loading to reduce bending stresses 
ina seaway. This is particularly emphasized 
in the case of tankers 

(b) Omit bilge keels to eliminate this source of 
fracture; or alter bilge keels by tapering ends, 
eliminating cut-outs, riveting butt joints o1 
other alterations to reduce likelihood of cracks 
originating in this area 

ec) Inerease the longitudinal strength of tankers. 
This modification will lower nominal bending 
stresses in the hull and thereby reduce the 
effect of stress raisers such as at interrupted 
bottom longitudinals and at weld defects in 
welded butts. 

(d) Inspect extensively strength welds in critical 
portions of the hull girder utilizing available 
methods for subsurface examination. The 
inspection should be directed particularly to 


Ship Fracture 317-s 


t 
‘ 
4 a 
2 
| 
3 


the bottomshell butts in tankers and to the 
deck butts in dry cargo ships. 


The early importance attached to residual welding 
stresses and locked-in stresses, particularly as they 
might affect stfuctural performance, directed the first 
research efforts to investigate these factors». An 
extensive research program on full-scale weldments 
and on ships has yielded a large amount of information 
on the magnitude and distribution of these stresses 
but no direct evidence has been found to indicate that 
these stresses are important in causing fractures in 
welded ships. 

It might appear that a return to riveting would be 
the solution of this problem. There are many ad- 
vantages inherent in the all-welded ship that cannot 
be realized by riveting and which are translatable into 
savings in construction and operating costs. Some of 
these are: 


(a) Speed of construction. This is particularly 
important in the event of a “national emer- 
gency.” 

(b) Tightness of hull and tanks which is easy with 
welding—difficult with riveting. 

(c) Weight saving, resulting in greater cargo 
carrying capacity. 

(¢@) A smoother hull with consequently lower re- 
sistance, hence more speed with the same 
power. 

(¢) The ease with which qualified welding operators 
can be trained as compared with riveters; 
utilization of women as welders. 


In consequence, a return to riveted construction is 
considered economically undesirable in time of peace 


and may be impossible in time of war since facilities 
for the construction of riveted ships cannot be quickly 
expanded. 

The aims of the research program sponsored and 
financed by the Ship Structure Committee may be 
summarized as follows: 


(a) ‘To resolve the present cracking problems of the 
welded ship so that ultimately all-welded 
ships with their many advantages can be 
constructed and operated anywhere in the 
world without danger of structural failure. 
Thus the lives of the passengers and the crews 
of such vessels will not be jeopardized by 
hazards of structural failure in addition to 
those of the natural forces of nature to which 
ships are normally exposed. 

(6) To improve design, fabrication techniques and 
materials with the view of simplifying con- 
struction practices and to reduce construction 
costs. 

Incorporating the recommendations contained herein 
will undoubtedly add to the cost of ship construction. 
This additional burden represents then a further 
handicap which the American Merchant Marine 
will have to overcome in its competition with mer- 
chant fleets of other nations. However, the American 
Merchant Marine is already operating under very 
serious disadvantages resulting from the uncontrolled 
cracking and breaking in two of tankers and cargo 
vessels and, in particular, from the loss of life associated 
with these ship failures. The replacement cost of one 
tost ship will defray the extras necessary for the pur- 
chase of large amounts of more notch-tough shipbuild- 
ing steel. 


The Suitability of Various 


by Erick Hormann 


SUMIMARY 


VLASH welding is suitable for a wide variety of 
plain carbon and alloy steels, if welding conditions 
are correct and if, where required, the welded joint 
is heat treated. The only steels not suitable are 

steels containing high silicon and particularly alumi- 
num. To avoid cracks, especially close to the weld 
the joint should not get too hot. If grain boundaries 
open up close to the weld, the push-up pressure should 
be raised and the welding time shortened. Heavy 


Abstract of “Die Eignung von Stahlen fur das Abb fschweissen,”’ 
ony! in Stahl u. Eisen, 72, 19-24 (1952). (Abstracted by Dr. G. E 
aussen 
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Flash Welding 


Steels for Flash Welding 


sections and thick walls require preheat. Push up 
pressures of 2800 to 4200 psi. are sufficient for plain 
carbon steel, but 8500 psi. is recommended for alloy 
steels. High-alloy chromium-nickel steels require still 
higher pressure and additional preheat. 

Flash welding gives such good results that it is widely 
used with fully automatic machines for creep-resistant 
superheater steels (up to 1100° F.) and for steels 
resistant to high-pressure hydrogen in hydrogenation 
plants. Other applications are rails, motor housings 
of chromium-vanadium steel, connecting rods and three- 
blade propeller hubs. The hub is forged in halves which 
are flash welded together. Crankshafts and locomo- 
tive valve rods also are flash welded. 

Carbon content does not affect flash welding as it 
does are welding, so that high-carbon steels are flash 
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welded readily. As the silicon content is increased 
the weldability decreases, until with 1.5% silicon the 
steel becomes unweldable even in a protective atmos- 
phere. A high aluminum content intensifies the bad 
effect of silicon. Chromium steels usually are welded 
in a protective atmosphere, such as a hydrogen flame 
to avoid oxide films. In some cases briquettes of 
brown coal mixed with a hydrogen-consuming substance 
such as ammonium chloride, are placed inside the pipe. 
The burning of the coal removes oxygen from the vicin- 
ity of the weld and helps prevent the formation of 
oxide films. 

Molybdenum and chromium-molybdenum steels 
are easy to weld with sufficient pressure and protective 
atmosphere. If welding conditions are closely con- 
trolled with respect to preheat and pressure, protective 
atmospheres need not be necessary for chromium- 
vanadium steels, which may require special heat treat 
ment after welding. 

In view of their different properties, high-alloy nickel 
and chromium-nickel steels require higher preheat 
and pressure. Tantalum and columbium in_ these 
steels do not change the welding behavior. Titanium 
in plain carbon and 16°% Cr steels does not affect 
weldability. 

Tests to determine the effect of push-up pressure 
are summarized in Fig. 1 for pipes 9 in. 0.D. of steel 
containing 0.10 C, 0.19 Si, 0.46 Mn, 6.04 Cr, 0.84 Mo, 
which had been heated after welding 30 min. at 1750° F. 
and 1 hr. at 1380° F. with air cooling. The decar- 
burized zone became narrower as the pressure increased 
The tensile specimens without cross hatching in Fig. 1 
broke in the weld; the shaded specimens broke out- 
side the weld. The lightly shaded 
bend results in Fig. 1 had porosity or 


seconds, the push up between 0.33 and 0.37. in 

In tests on pipes 6%,', in. O.D. 1.57-in. wall (26 sq. in.) 
containing 0.17 C, 3.3 Cr, 0.52 Mo, 0.93 V, 0.4 W welded 
with 8500 psi. pressure and heat treated after welding 
(2 hr. at 1900° F., air-cooled, then 2 hr. at 1380° F 
air-cooled) very low bend angles were obtained at first 
although no oxide films were seen in the fracture. 
There was a decarburized zone 0.08 in. wide at the weld, 
but spectrographic tests showed only trifling losses of 
Mn, Mo and Cr, and none of W or V. The Brinell 
was 60 units low in this zone. However, after an addi- 
tional 2 hr. anneal at 1750° F. the bend specimens 
could be bent 180° without cracking. The specimens 
were 1.18 in. wide, 1.57 in. thick. The additional heat 
treatment still did not equalize the hardness 

Small superheater tubes containing 0.18 C, 1.6 Cr, 
0.45 Mo, 0.35 V gave excellent bend values when welded 
under controlled conditions and heat treated 2!/> hr 
at 1330-1350°F., cooled in the furnace to 1110°F. and 
then cooled in air 

Tensile bars from welded pipes containing 0.46 Cr 
1.63 Cr gave strenghts of 128,000-135,000 psi, and 180 
degree bend angles without cracks. Similar results 
could be obtained with steel containing 0.37 C, 1.54 C- 
if welding conditions were selected properly. However, 
very low bend angles were obtained without protective 
atmosphere and without automatic postheating; in 
other words, the current was shut off as soon as pres- 
sure was applied. Fractures close to the weld occurred 
in these tests. This type of fracture will be discussed 
later. 

Bend specimens of welded pipes with 0.70 C, 0.80 Mn 
with the outside of the pipe in tension could be bent 


small openings in the weld; the heavily Bo 

shaded specimens did not. The best 50 

results were obtained at 11,400 and Tensile strength, kg./mm.?, 40 $ 

14,200 psi. 55 kg./mm.? = 78,000;psi. 4 
As an illustration of the uniformity 70 N | a 

of welding obtainable with a fully pes | 3 

automatic Siemens-Schuckert flash Bend anele degrees 1} NWS N 

welder, reference may be made to tests 907 RSS f HRS Ss 

on different sizes of pipes with 0.175 0 AU ; SSS 

C, 2.83 Cr, 0.45 Mo, 0.37 W, annealed | 

at 1300° F. for 2'/s hr. after welding. 

Every weld was examined externally 


either by grinding and etching or by 
filing at 45 degrees to the weld. Un- 
sound areas, porosity and inclusions 
are revealed by these methods. When 
defects were found, bend specimens of 
the defective weld revealed oxide films 14,008 pel. 
and unsound areas in the fracture. 
Since only 1 to 2°) of the welds failed — 
in this careful program of examination, 
it was concluded that welding was 
surprisingly good. For pipes 3 in. 
O.D., 0.57-in. wall (4.4 sq. in.) the 
welding time was between 90 and 99 


Specimen No. 


Total welding time, sec. 282 284 mun 285 284 3 
| 


Push up, mm., 22 mm. sim. 


Pressure, kg./mm.’, 
Cross section, mm.', 


Transformer step 


i0 ke. mm. 7 0 


10,200 mm.? = 16 


jt 


53 45 46 47 48 49 


Fig. 1 Results of tensile and bend tests on flash-welded specimens from 9- 


in. tubes containing 6% Cr, 0.89% Mo 
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180° without cracking, but only 30 to 40° with 
In the latter case 
fracture occurred close to the weld at clusters of man- 
ganese sulphide inclusions on the inner wall which were 


the inside of the pipe in tension. 


upset by welding. 

Numerous tests on centrifugally cast steel with 19°; 
Cr, 9° Ni, gave excellent tensile results, if the welding 
pressure was 10,000 psi. Likewise with steel con- 
taining 0.10 C, 0.68 Si, 0.82 Mn, 0.012 P, 0.019 8, 
15.5 Cr, 2.02 Mo, 12 Ni, 0.13 Cb excellent results were 
obtained with sufficient preheat and prolonged welding 
time. With too short welding time, unwelded (cold) 
areas are obtained which cannot be eliminated by high 
pressure due to the low thermal conductivity of the steel. 

For crankshafts, bars (30-sq. in. cross section) con- 
taining 0.45 C, 0.30 Si, 0.86 Mn, 0.010 P, 0.055 3, 
0.71 Cr were welded, annealed, then double heat treated 
The weld could not be detected 
in the structure. Weld specimens had the following 
properties: yield point 90,000 psi., tensile strength 
121,000 psi., elongation in 5 diameters 127, reduction 
of area 50°, notch impact value (DVM round notch 
specimen) 6.5 mkg.,em.*. Bend specimens x 1 in. 
could be bent 180 degrees around a pin 2 in. in diameter. 
Crankshafts are flash welded of a shaft of Cr-V steel 
(157,000-171,000 psi, tensile strength) with balance 
weights of plain carbon steel. 

Good results were obtained with flat bars (8- x 1.6-in. 
cross section) containing 0.30 C, 2.3 Cr, 0.20 V. After 
welding, the bars were heat treated 20 min. at 1700 
1750° F., air-cooled, then 15 min. at 1600—-1620° F., 
oil-quenched, and then 15 min. at 950-970° F., and 
The 0.2 vield was 164,000 psi.; tensile 
strength, 178,000 psi.; elongation in 5 diameters, 11°; ; 
notch impact value, 2 mkg. em." 

In the discussion of the steel containing 0.46 C., 


and stress relieved. 


water-cooled. 


1.63 Cr reference was made to defects close to the weld, 
Figs. 2and3. Grain boundary cracks were found about 

is in. on either side of flash welds in flat bars (4 x 0.79 
in. cross section) containing 0.30 C, 2.3 Cr, 0.20 Y. 
The cracks were especially severe with low pressures 
and long welding times. The macroscopic cracks were 
shown to oceur in the primary grain boundaries as- 
sociated with bands of inclusions. Similar cracks are 
During the 
war these cracks appeared in flash-welded tubes 2! , in 
O.D., 0.28-in. wall and locomotive driving rods and 


found sometimes in plain carbon. steel. 


coupling rods. The cracks caused a great deal of 
The cracks start some- 


times on one side of a weld and cross to the other side. 


trouble in technical circles. 


Fig. 2. Cracks in bend 
specimen of  flash- 
welded tube containing 
0.46 C, 1.63 Cr. Ober- 
hoffer etch 3 


Fig. 3 Magnified view of 
circle in Fig. 2, etched 
with nital. 100 


Sometimes magnaflux detects the crack as a fine line. 

Examination of the structure shows that the micro- 
scopic cracks are associated with the difference in 
melting point between the steel and the inclusions. 
Steels with high inclusion content tend to exhibit 
cracking to a greater degree than steels with low in- 
clusion content. 
distributed uniformly over the cross section, being 


Since the push-up pressure is not 


lowest at the edges, the cracks or microscopic shrinkage 
The cracks 


can be made to disappear by increasing the pressure 


cavities are seen most often at the edges. 
and shortening the welding time. It is also desirable 
to maintain the welding current briefly after the be- 
ginning of push up, and to permit the weld to cool in 
the jaws a bit before removal. Too short a welding 
time, such as used for sheet metal parts, is not satis- 
factory for heavy sections which require uniform and 
adequate preheating of the entire cross section to avoid 
cold welds. 

Three other defects may be described. If the steel 
slips in the jaws during welding, the welds usually con- 
Oxide skins appear as grayish 
flakes in a bend fracture. Radial flakes in the tensile 
fracture of a flash-welded tube (1' in. O.D., je-in. 
wall, 0.17 C, 0.47 Si, 0.51 Mn, 0.013 P, 0.023 8, 0.03 Cr, 
0.28 Cu, 0.35 Mo) represented brittle areas found to 
contain large inclusions of mixed manganese oxide and 


tain unwelded areas. 


iron silicate. 

In the discussion of this paper it was pointed out: 
(1) that the fine cracks on both sides of the weld might 
be related to burning, and (2) that the tolerable silicon 
content for flash welding might be related to the man- 
ganese content of the steel. 
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ANACONDA Rods flow easier- 


“AnaconpA Welding Rods sure help make jobs 
easier, not just in the shop but all over, on all kinds 
of work. We once repaired a 48" cast iron gear and 
had to build up the teeth. It took 35 pounds of rod 
to do it—it was a perfect job. 

“Most of our work is cast iron—heavy stuff like coal 
mining equipment, slaughter house and construction 
machinery. We like a rod that has good “tinning” 
properties and that flows well with low heat. That's 
why we use ANnaconpaA. It really stays put 


“We make things ourselves like barbecue grills and 
stair rails. Of course, these jobs take only a couple 
ounces of rod. But the rod’s got to be just as good. I 
guess we've worked on every kind of metal, includ- 
ing copper castings, and A. C. Welding Supply Com- 
pany, our supplier here in Birmingham, has had the 
right rod for every job.” 


Consult your nearest supplier for experienced 
service and practical advice . . . and for the latest 
news on welding procedures, write for free booklet 
B-13. The American Brass Company, Waterbury 20. 
Connecticut. In Canada: Anaconda American Brass 
Ltd.. New Toronto, Ontario. 


U. S. Pat. Of 


tin 
better 


—says D. E. Brooks, 
D. Brooks Welding Company, 
Birmingham, Alabama 


braze or weld with confidence 


welding rods 
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500 psi hydrostatic pressure tests, 43% 
higher than usual test requirements, are 
standard procedure with Pyrene extin- 
guishers before leaving the production 
line (high pressure tests of 1000 psi show 


no breakage). 
Semi-automatic Heliwelding of type 301 


stainless steel is a high-speed operation 
at the Pyrene Manufacturing Co. of New- 
ork, N. J. Here, jig-mounted stainless 
steel cylinder bodies are longitudinally 
weld-seamed at 90" per minute. 


Finger-tip controlling two No. 10 Radia 
graph arms, one operator simultaneously 
Heliwelds two 1000 psi pressure-tested 
end seams in 4] seconds 


HELIWELDED PYRENE FIRE-STOPPER 


formed, welds are exceptionally strong and clean. 
Gas shielded electrodes provide a highly concen- 
trated arc permitting high-economy production 
welding with a minimum of distortion. 

If you're welding thin sections of the “problem” 
metals, stainless steel, aluminum, on a production 
basis, Airco Heliwelding can help you. Find out 
how from your nearest Airco office. Please address 
Advertising Department, 60 East 42nd Street, 


Discharging an easily directed 40-foot stream, 
the new stainless steel gas-cartridge-operated 
Pyrene Water Type Fire Extinguisher eliminates 
two important fire protection problems... annual 
recharging and the danger of working with acid 
...and its price is comparable to older soda-acid 
equipment. 

Pyrene’s answer for meeting the cost problem? 
Lighter weight equipment, stronger-made with 
Airco’s semi-automatic Heliwelding process. New York 17, N. Y. for your. == 

Why? Because Heliwelding, with its inert gas copyof ADC-709: Heliwelding. = 
shield, eliminates the need for flux. No slag is AT THE FRONTIERS OF PROGRESS YOU'LL FIND = 


AiR REDUCTION 


® ar REDUCTION SALES COMPANY + AIR REDUCTION MAGNOLIA COMPANY * AIR REDUCTION PACIFIC COMPANY 


DEALERS 
AND OFFICES IN REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 


RINC CITIES 
ee a DIVISIONS OF AIR REDUCTION COMPANY, INCORPORATED 
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